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C APTER :I

This chapter addresses the purpose of the guide and the digital transformation of
agriculture.

Objective: Food production must be increased by 70% to feed the world's population,
which is expected to reach 10 billion by 2050. ‘Smart Agriculture’ is presented as a
solution to problems such as resource scarcity, the climate crisis, and the high average
age of farmers (55+ in Europe and Turkey).

The Evolution of Agriculture: The transition from Agriculture 10 (muscle power) and
Agriculture 2.0 (mechanisation) to Agriculture 3.0 (automation/GPS) and today's
Agriculture 4.0 (Smart and Connected Agriculture) is described. Agriculture 4.0 is the
integration of loT, Big Data, Artificial Intelligence and Cloud Computing.

The Role of Young People: As digital natives, young people are seen as leaders of
agricultural transformation due to their ability to use technology (tablet interfaces, data
connections).

Future Vision (2050): A future is envisioned where the water crisis has ended,
autonomous drones perform precision spraying, vertical farming is widespread in cities,
and the farmer is a ‘system operator’.

C APTER 2: CURR

This section explains the project's educational philosophy and curriculum structure.
Micro Leamning: Instead of traditional block learning, a ‘Precision Learning’ model
consisting of focused and short content (10-15 minute modules) suitable for Generation
Z has been adopted.

Education Cycle: Consists of the Watch, Apply and Test (Quiz) steps.

Curriculum Content: The curriculum covers a wide range of topics, including hardware
technologies, automation, data intelligence, entrepreneurship, social values, and
sectoral expertise (digital animal husbandry, organic farming, etc.).
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C APTER :SMART AG

Hardware that forms the physical ‘muscles’ and “senses” of agriculture is detailed.
Sensors and loT: Soil moisture sensors, weather stations, and plant sensors form the
‘nervous system’ of the field and enable data-driven decision-making.

Drones (UAVs): Used for mapping (surveying), plant health analysis (NDVI analysis with
multispectral cameras) and precision spraying/fertilisation.

Robotics and Automation: Driverless tractors, laser weed removal robots (chemical-
free solution) and autonomous task robots are introduced.

Smart Irrigation: Instead of wild irrigation, drip irrigation and variable rate irrigation
(VRI) systems that deliver just enough water to the root zone are explained.

Vertical Farming and Greenhouses: Smart greenhouses with fully controlled climate
systems and soil-free (hydroponic/aeroponic) vertical farming methods aim for year-
round production in cities.

Blockchain: Used to ensure food safety and traceability (from field to fork).

C APTER :GE E

The process of transforming data into information and decisions is addressed.
Wisdom from Data: The DIKW pyramid, which is the process of transforming raw data
(sensor data) into actionable decisions (e.g.,, ‘Water now’), is explained.

Predictive and Generative Al The differences between ‘Predictive Al' (e.g. Disease risk
92%), which calculates future risks, and ‘Generative Al' (ChatGPT, etc.), which produces
new content and strategies, are explained.

Prompt Engineering: Techniques for getting the best performance from artificial
intelligence by giving the right commands (determining context, role, constraints) are
taught.

Platform Tools: The Al Chatbot (24/7 Advisor) and Smart Analysis Tool (a tool that
generates field-specific production recipes) on the ‘YouthinAgriTech’ platform are
introduced.
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C APTER 5: SUSTAI AB

Methods for reducing the environmental impact of agriculture and adapting to the
climate crisis are discussed.

Climate Crisis: Agriculture is both a victim of the climate crisis and one of its
perpetrators (through greenhouse gas emissions).

Solutions: Precision irrigation that reduces water footprint, spot spraying that reduces
chemical use by 90%, and regenerative agriculture methods.

Carbon Farming: A model whereby farmers increase the carbon sequestration
capacity of the soil and earn additional income by selling ‘Carbon Credits’.

EU Green Deal: 2030 targets (50% reduction in pesticide use, 20% reduction in
fertiliser use, etc) and how these targets will be achieved through digitalisation.

C APTER :PRACTK
PProvides workshop and training materials for trainers and youth workers.
Objective: To change the perception among young people that ‘Farmer = someone
who digs with a hoe’ to ‘Farmer = Data Analyst / Drone Pilot’.
Workshop Modules:
Module 1 (Awareness): Agricultural Taboo game and Water Footprint detective
work.
Module 2 (Technology Experience): Eye vs. Sensor experiment (proving the fallacy
of the human eye with a sensor) and Al Chatbot challenge.
Module 3 (Decision-Making Simulation): Simulating the situations of groups with
different technology levels (Traditional, Technological, Insured) during a crisis
(hailstorm).
Module 4 (Idea Marathon): A mini hackathon where technological solutions to
agricultural problems are generated.
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WHY DID WE PREPARE THIS (

Coding the Future and Feeding the World: Why This Guide?

Our world is at one of the most critical junctures in human history. According to United
Nations projections, the world population will reach 10 billion by 2050. This means
billions of new plates added to today's tables. To feed this enormous population, we
must increase our food production by 70 per cent compared to today; this is not a
choice, but a biological necessity.
However, our equation is fraught with challenging variables:
1.Resource Scarcity: Agricultural land is shrinking due to urbanisation, and our clean
water resources are dwindling.
2.Climate Crisis: Changing rainfall patterns and extreme weather events are
disrupting traditional agricultural calendars.
3.Human Resource Crisis: Our fields are growing quiet. In Europe and Turkey, the
average age of farmers has exceeded 55. Young people view agriculture as an ‘old-
fashioned, physically demanding and low-income’ past and are migrating from rural
areas to cities.
This is precisely where the ‘Smart Agriculture Guide For Young People’ serves as a
wake-up call and an invitation.

* CRITICAL WARNING

TECHNOLOGY ALONE
IS NOT ENOUGH

Over the past 15 years, we have lost a significant portion of our agricultural land,
but what is even more dangerous is losing our farmers. Even if we have the world's
most advanced Al-powered tractors at our disposal, if there are no young people
with the vision to manage them in the fields, the technology is doomed to rust. The
agriculture of the future requires brain power, not muscle power.

.



frse @ o & . Fesmust PRGN

Fundacja Rozwoju Systemu Edukacji Enriching lives, opening minds. of the European Union

Purpose and Vision of this Guide

Under the umbrella of the Erasmus+
Programme, we have prepared this
guide through cross-border
cooperation between Poland
(Ananda Marga), Hungary (Creative ; —
Youth Academy) and Tirkiye
(Yesilmarmara). Our aim is not only

to raise awareness, but to bring . °
about a paradigm shift.

We invite you to open the doorsto  ,
the world of ‘Smart Agriculture
4.0'.

In this guide, you will learn not only to sow seeds, but also to analyse the field from the
sky with drones;

not only to irrigate, but also to hear the plant's ‘I'm thirsty’ call with 10T sensors;

not only to harvest, but also to establish a digital partnership with nature through Big
Data.

Agriculture is no longer just about muddy boots; it is a prestigious, technological,
and planet-saving career written with tablets, satellites, and lines of code.
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THE EVOLUTION OF AGRICULTURE
(FROM AGRICULTURE 1.0 TO 4.0)

From the Plough to Artificial Intelligence: Agriculture's Journey of Digital
Transformation

Agriculture has not remained static throughout human history; it has undergone three
major transformations parallel to the industrial revolutions. Today, we are in the midst
of the fourth and most exciting revolution. Understanding this process means not only
learning about the past, but also seeing who will manage the food systems of the
future. Here is the evolution of agriculture from 1.0 to 4.0.

1. AGRICULTURE 1.0: Labour-Intensive Period (Traditional Agriculture)

(Period: Until the early 20th century) This is the starting point, spanning thousands of
years, based entirely on human and animal muscle power.

Key Feature: Low yield, high physical effort.

Situation: Production is largely geared towards meeting the family's own needs
(subsistence farming). Technology is virtually non-existent; simple hand tools (plough,
hoe) are used.

2. AGRICULTURE 2.0: The Green Revolution (Age of Mechanisation)

(Period: 1950s onwards) This period saw the industrialisation of agriculture with the
advent of internal combustion engines and tractors.

Key Feature: Increased speed and scale.

Situation: Larger areas were cultivated thanks to sowing and harvesting machines.
However, during this period, synthetic fertilisers and pesticides were used intensively
and indiscriminately in order to increase yields. The foundations of environmental
pollution were laid during this period.

3. AGRICULTURE 3.0: Precision Farming (Automation and Guidance)

(Period: 1990s - 2010) The integration of computer technologies and satellites (GPS)
into agriculture marked the beginning of a new era focused on ‘efficiency’.

Key Feature: Positioning and variable rate application.

Status: It became clear that not every part of a field is the same. Tractors began using
GPS signals for navigation and applying fertiliser only where needed, according to the
field's requirements. Costs decreased, and yields increased.

4. AGRICULTURE 4.0: Smart and Connected Agriculture

(Period: Present and Future) It is no longer just machines that speak, but data. This era
is the era of ‘Cyber-Physical Systems,’ where agricultural objects connect to the internet
and communicate with each other. Farmers no longer make decisions based on
intuition, but on precise, data-driven information.




HOSe @ @ - Erasmus+ IR <o sy cone

Fundacja Rozwaju Systemu Edukac)i Enriching lives, opening minds. of the European Union

Building Blocks of This Era:

Internet of Things (loT): It is when a moisture sensor in the field communicates with
the weather station and commands the irrigation system to ‘Work!. It is the
communication between devices without the need for human intervention.

Big Data: Harvest data, soil analyses and climate reports collected over many years are
pooled and analysed. This provides mathematical answers to the question, ‘What
should | plant next year?

Artificial Intelligence (Al): When you take a photo of a plant showing signs of disease
and upload it to the system, artificial intelligence diagnoses the disease and
recommends treatment.

Cloud Computing: It is the freedom to access all this data from anywhere in the world
via your tablet, rather than from the middle of the field.

In summary: In Agriculture 4.0, the farmer is not someone who has to put on their
boots and walk through the mud; they are a ‘Data Analyst’ who manages the ecosystem
via tablet from the operations centre.

AGRICULTURE 1.0: AGRICULTURE 2.0: AGRICULTURE 3.0: AGRICULTURE 4.0;
MANUAL LABOR MECHANIZATION AUTOMATION DIGITAL AGRICULTHRE

What used to be done with muscle power is now done with data power. Agriculture
has never been this smart.

N7
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WHAT IS AGRICULTURE 4.0? (AN IN-DEPTH LOOK)

The Digital Brain of the Field: Data-Driven Production Model

Definition: Agriculture 4.0 is not just about internet-connected devices. It is a ‘cyber-
physical’ ecosystem where fields, products, machines and people are in constant
communication. In traditional agriculture, farmers make decisions by looking at the sky,
whereas in Agriculture 4.0, decisions are made with mathematical precision by
combining data from sensors, satellites, and past years. In this model, there is no
‘guessing,’ only ‘analysis.’

How Does It Work? (Smart Cycle Scenario)

This system consists of a seamless 4-stage cycle. Let's examine a typical day in the field
through digital eyes:

1. Data Collection (Observation)

loT (Internet of Things) devices, the ‘digital nerve endings’ of the field, are in operation.
Soil Sensors: Measure soil moisture and pH levels at depth.

Drones: Scan plant leaf colour (NDVI analysis) to assess stress levels and disease risk.
Data: ‘Soil moisture in Plot 2 has dropped below the critical level (15%).’

2. Cloud Analysis (Thinking)

The raw data collected is sent to cloud servers via the internet. Here, Big Data is
processed.

Process: Artificial Intelligence compares the current moisture data with the
information from the weather station that ‘there is a 10% chance of rain tomorrow’ and
the plant's growth stage.

Analysis: ‘The plant is currently in the flowering stage; water stress can reduce yield by
20%. No rain tomorrow.’

3. Decision Making (Strategy)

Decision Support Systems (DSS) come into play. The most accurate scenario, minimising
human error, is created.

Output: ‘Only on Plot 2, at 20:00 (when evaporation is low), 40 litres of drip irrigation
should be applied to the root zone.’

Approval: A notification is sent to the Ffarmer's mobile phone: ‘Irrigation
recommendation ready. Do you approve?’

4. Precision Action (Implementation)

When the farmer approves or the system is in fully autonomous mode, the action
begins.

Technology: Smart valves open automatically. Thanks to VRT (Variable Rate
Technology), water is not applied to the moist part of the field; instead, precision
irrigation is applied only to the dry part.
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Key Objectives: Why So Much Technology?

Agriculture 4.0 exists not to showcase technology, but to solve three fundamental
problems:

Operational Efficiency (Maximum Output): Aims to achieve the highest yield per unit
area. When you know when and what the plant needs, the growth process accelerates
and losses decrease.

Sustainability and Environment (Minimum Input): It puts an end to resource waste.
VRT Technology, instead of randomly spreading fertiliser and pesticides across the
entire field, they are applied only to the ‘plant that needs it and in the ‘required
amount’. This prevents soil contamination from chemicals and groundwater pollution.
Traceability and Food Safety (Transparency): The process from farm to fork is
recorded. Consumers can see which field an apple they buy at the market was grown in,
when it was sprayed, and when it was harvested, thanks to Blockchain technology or QR
codes.

SENSORS =] CLOUD/AI
(Data Collection) — e | = <~ - (Processing & Analysis)

DRONE/TRACTOR [ £ /®\ i W | MOBILE/TABLET
(Action & Application) b . .l [ (Decision Making)

*

Data is collected from the Ffield, processed in the cloud, transformed into decisions,
and returned to the field as prosperity. A system that continuously learns and
improves itself.

N7 | //
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WHY DO WE NEED YOUNG PEOPLE?

Technology is Ready, You Are Missing: The New Actors of the Digital Age

Agriculture 4.0 technologies offer a fantastic infrastructure with satellites, sensors and
autonomous robots. However, even if you have the world's most advanced Formula 1
car, it cannot leave the garage if you do not have a driver to operate it. This is precisely
the situation in agriculture.

The average age of the current farmer profile (58 in the EU, 55+ in Turkey) is the biggest
obstacle to technological adaptation. This is precisely where those who were born into
technology, rather than those who learned it later, come into play.

Your Superpower: Digital Natives
You have never known a world without the internet.

« Figuring out a tablet interface,

e Making connections between complex data,

e learning a new application in seconds... While these required challenging learning
processes for previous generations, for you they are as natural (instinctive) as
walking or talking. The Agriculture 4.0 panels that older generations call “complex”
are just a new ‘game interface’ for you.

The 3 Critical Roles of Young People in Agriculture
What is expected of you is not just to work in the Field, but to manage it.
1. Innovation and Start-Up Culture
We expect you to approach chronic problems in your village or region with digital
solutions, not with methods handed down from your grandfather.
o Example: Instead of digging ditches to solve irrigation problems, establish an loT
initiative (Agri-Tech Start-Up) that listens to the soil.
2. Environmental Awareness and Green Agreement
Climate change threatens your future. That's why you embrace sustainability not as a
necessity but as a way of life.
o Task: Combine nature-restoring (regenerative) farming methods with technology to
eliminate your carbon footprint.
3. Entrepreneurship and Branding
You must move beyond the cycle of simply producing and selling to wholesalers.
e Vision: Make the product traceable from field to table, create its story, and offer it
directly to the global market via e-commerce. You are not a Farmer, but an
Agricultural Business Manager.
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The Project's Promise: What Do We Offer You?

This guide and our project's digital heart, the youthinagritech.com platform, don't just
give you theoretical knowledge. They equip you with the digital competency set that
will make you leaders of this transformation:

o The ability to collect data from the sky.

e Reading soil analysis reports and determining strategy.

e The ability to install and manage technology in the field.

The agriculture of the future will be built not with calloused hands, but with coding
fingers.

2 T*]ﬂ" ;ﬂf
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Teamwork and
Technology
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The new faces of agriculture: Data Analysts, Drone Pilots, and Digital
Entrepreneurs.
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WHAT WILL THE AGRICULTURE OF THE FUTURE
LOOK LIKE? (VISION)

2050: Not a Utopia, but a Planned Future

The vision we aim to achieve at the end of this guide is not a distant science fiction film
scenario. It is the New Agricultural Normal that is currently being coded in the world's
leading agricultural laboratories, tested with sensors, and will be implemented by you.
Imagine walking into a farm in 2050. Here is the scene you will encounter:

1. Water Crisis is History: Every Drop Has a Destination
You won't see wild irrigation channels in the fields.

e Vision: Thanks to soil-embedded moisture sensors and Al-powered irrigation
systems, water is delivered directly to the plant's roots with millimetre precision.
Evaporation loss is zero.

e Result: Droughtis no longer a fate but a manageable data parameter.

2. Pharmacy-Free, Toxin-Free Soil
Autonomous drones flying over the field cannot spray the entire field with pesticides.

e Vision: Thanks to image processing technology (Computer Vision), the drone
detects only a single diseased leaf and applies the pesticide (or biological control
agent) with spot spraying only to that location.

e Result: The soil remains clean, groundwater is not polluted, and the tomatoes on
your plate contain no residues.

3. Cities Produce Their Own Food
You don't have to wait for a lorry from thousands of kilometres away to eat fresh
lettuce.

e Vision: Vertical Farming and Hydroponic (Soilless) systems installed in the
basements or on the roofs of skyscrapers in city centres produce food 365 days a
year without interruption.

o Result: The carbon footprint is zero, and the distance from ‘field to fork’ is reduced
to just an elevator ride.

4. Farmer 5.0: System Operator
The farmer is no longer someone who labours under the sun; they are a respected
manager who directs operations from their air-conditioned office, analyses data, and
makes strategic decisions.
 Vision: While autonomous tractors and robotic arms handle the work in the fields,
human intelligence focuses on optimising the system.
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Box Contents (Reality Check):

DID YOU KNOW? Today, despite having an area equivalent to Turkey's Konya province,
the Netherlands is the world's second-largest food exporter thanks to these
technologies. So, the future we describe is actually happening right now.

Take Action: The Future Awaits You

This vision will not realise itself. You are the ones who will code, manage, and develop
it. IF you're ready, turn the page. We're starting to learn how to fly drones, read sensors,
and build the future with YouthlnAgriTech.

Don't just imagine the Future with YouthinAgriTech—design it today.

76
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CHAPTER 2:
SMART AGRICULTURE
LEARNING JOURNEY

To leave your mark in the field, first leave your
mark digitally.
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THE MICRO-LEARNING R

Speed, Focus and Impact: The Art of Precision Information Processing

Our Educational Philosophy: Why Micro Learning? In the information age, the problem
is not accessing information, but filtering and processing the right information. Block
Learning (hours of theoretical lessons) in traditional education models is contrary to
the working principles of the human brain and the dynamism of Generation Z.

At YouthInAgriTech, we have applied the principles of Precision Agriculture to our
educational model and developed the Precision Learning model. Using the scientifically
proven Micro-Learning methodology, we break down complex technical processes into
small, meaningful and interconnected pieces (Learning Nodes) that the brain can record
with maximum efficiency.

SPEED, FOCUS & IMPACT: THE ART OF PRECISION INFORMATION PROCESSING

TRADITIONAL EDUCATION YOUTHINAGRITECH
(BLOCK LEARNING) (PRECISION LEARNING)

== g . L 4 == Leaming Nodes

INEFFICIENT & OVERWHELMING MICRO-LEARNING: EFFICIENT & DYNAMIC

-\Kj
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How Does This Model Benefit You? (Advantages)

Don't view the system as merely watching short videos. It is a strategy for gaining
competence:

1. Optimises Cognitive Load

Problem: The brain cannot process too much new information at once.

Solution: Each module consists of 10-15 minutes of focused content. This duration is
the Golden Interval when your attention is at its maximum without distraction.
Unnecessary literature is discarded, leaving only the coreinformation.

2. Just-in-Time Learning

Problem: Information learned at school is forgotten by the time it is put into practice.
Solution: You can open and watch the video just before flying a drone or connecting a
sensor. You access the information when you need it, which increases retention by 80%.
3. Flexible and Mobile Integration (Mobile-First)

Vision: The campus is no longer buildings, it is wherever you are.

Application: On a tractor in the field, on the tube, or during a coffee break... Our
platform is 100% compatible with all mobile devices. Your mobile phone becomes the
world's most advanced agricultural library.

How to Use It (User Guide)

To get the most out of this training set, .
follow this 3-step cycle: f S\ ff?r
1.Watch: Focus and watch the 10- l' wcwoiooy ¥ DAT\—A P
minute video. I?*‘ & HARDWARE & SOFTWARE

X @ﬂ""’- i

2.Apply: Immediately simulate the \o
information from the video in your
mind or, if possible, try it out in the
field.

3.Quiz: Consolidate the information
into your long-term memory by
completing the 5-question mini-
test at the end of each module.

Trainer's Note: Just as a drip irrigation

system delivers water to the plant

gradually but continuously,

microlearning delivers knowledge to R

your mind in the same way. No waste, '

maximum efficiency.

o o

AGRICULTURE

/L, \. “&siooey /
” N\ = = .

| SUSTAINABILITY
& POLICY

Don't get stuck in a single discipline. Take a step towards becoming a versatile
expert with YouthInAgriTech.

N7

youth in



HIOSe {g} @ £ Erasmus+  [RER Flores sy ons

Fundacja Rozwoju Systemu Edukacji Enriching lives, opening minds. of the European Union

VISION AND FOUNDATIONS

Seeing the Big Picture: Why Must We Change?
Welcome, Future Leaders of Agriculture.

In this section, we won't be writing code, flying drones, or conducting soil analysis. We'll
be doing something far more important: we'll understand why we are here.

Agriculture is not just an industry; it is the Foundation of civilisation. But this foundation
is cracking under the weight of a growing population, the climate crisis, and dwindling
resources. We need technology not just because it's ‘cool gadgets,’ but because we
need it to survive and thrive.

These modules are designed to help you start thinking like an agricultural entrepreneur
and systems designer, not just a farmer. If you're ready, let's start seeing the big
picture.

1. Smart Agriculture: A New Era of Farming
Let's Put Romanticism Aside: It's Time for Data-Driven Farming

Most of us have a clear image of farming in our minds: a devoted person who goes to
the field at sunrise, smells the soil to predict the weather, and works with calloused
hands. This image is romantic and respectable, but unfortunately, it is no longer
sufficient to feed 10 billion people.

Traditional fFarming relies heavily on ‘guesses’ and ‘habits.” We saw it this way from our
grandfather, the neighbour put this much fertiliser on their field, so we'll do the same...
However, this approach leads to enormous waste of resources (water, fertiliser, energy)
and loss of yield.

20
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What is Smart Agriculture?
Smart Agriculture means putting an end to this guessing game. It is the integration of
modern information and communication technologies into agricultural production
processes. In short, it means managing the field with ‘data’ rather than muscle power.
In this new era, the farmer:
e Does not predict the weather; monitors microclimate data in real-time.
e Does not irrigate the entire field at once; provides only the necessary amount of
water to the plants that need it (Precision Agriculture).
e Does not notice disease when the plant turns yellow; is alerted by drone imagery or
sensors before the disease begins.
In this lesson, we will discover how agriculture is transforming from a labour-intensive
sector to a knowledge-intensive sector, and why this transformation is inevitable. It is
not a choice, but a necessity.

2. The Future of Food: Unpacking Agriculture 4.0
A World Where Your Field Talks to You

In the previous lesson, we discussed why we need to change. Now we will address the
‘how’ question, namely the technological backbone of the matter: Agriculture 4.0.
You've probably heard of Industry 4.0: factory automation and data exchange.
Agriculture 4.0 is the adaptation of this revolution to the field. It's not just about buying
a new tractor; it's about turning the entire farm into a connected ecosystem.

We cannot build the future without understanding the four main pillars of Agriculture
4.0. Let's get to know this Fab Four:
1.Internet of Things (10T - Sensors): These are the nerve endings of your field. They
are devices connected to the internet that detect moisture in the soil, temperature
in the air, and stress on the plant. They enable your field to feel.
2.Big Data (Cloud): Millions of data fragments from sensors must be collected in one
place. The cloud is where this massive data is stored and processed. It is your field's
‘memory’.
3.Artificial Intelligence (Al - Decision Mechanism): Collecting data is not enough; it
must be interpreted. Al analyses this big data and provides you with actionable
insights such as ‘There is an 80% risk of fungus in this area tomorrow; you should
spray'. It is your Field's brain.
4.Robotics and Autonomous Systems (Action): When Al makes a decision, who will
implement it? Autonomous tractors, spraying drones, or harvesting robots. These
are your field's hands and arms.

In this lesson, we will see how these technologies come together for the 2050 vision
and how the farm of the future will transform into a self-managing ‘bio-factory’.
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3. Sustainable Agriculture: Principles and Practices
Feeding Today Without Starving Tomorrow

Technology is a wonderful tool, but it is not the goal. Our goal is to feed humanity.
However, if we destroy the planet we live on while doing so, no technology will have
any meaning. This is where ‘Sustainability’ comes into play.

Industrial agriculture, while providing high vyields in the short term, has led to soil
erosion, depletion of water resources, and loss of biodiversity in the long term.
Sustainable agriculture is a search for balance that says ‘stop’ to this trend.

Sustainability has three fundamental pillars, and as an AgriTech expert, you must
consider all three simultaneously:
1.Environmental Health (Planet): Protecting the soil, using water efficiently,
minimising chemical use, and reducing the carbon footprint. How does technology
help here? By applying precise spraying to avoid poisoning the soil.
2.Economic Profitability (Profit): If the farmer cannot make money, sustainability
remains just a dream. Methods must be efficient and profitable. How does
technology help here? By reducing input costs (water, fertiliser) and increasing
profit.
3.Social Justice (People): Improving conditions for agricultural workers and access to
safe food. How does technology help here? By having robots perform dangerous
tasks, thereby protecting human health.

In this lesson, we will learn how technology can be used not just to produce more, but
to produce ‘better and more fairly.” Remember, the land was not inherited from our
ancestors; we borrowed it from our grandchildren.
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POLICY AND ECO

Global Problems, Global Solutions
You cannot change the system without understanding it.

Agriculture is not an isolated experiment in a laboratory. It is directly linked to weather
conditions, international agreements, carbon emissions, and decisions made in Brussels.

On this page, you will learn about the ‘playing field’ and ‘rules’ of the AgriTech world.
Understanding how we are at the heart of the climate crisis and what the European
Union is trying to do about it is vital to the success of the project you will develop. Here
you will see which winds are at your back and which are against you.

POLICY AND ECOSYSTEM

Global Problems, Global Solutions

You Cannot Change the System Without Knowing It.
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4. The Climate Crisis in Agriculture and the Role of Young People
Solving the Paradox: Both Victim and Perpetrator

Hello. Today, we will discuss the climate crisis, the greatest existential threat facing
humanity, and its complex relationship with agriculture. This relationship is a complete
paradox.

The First Side of the Paradox: Agriculture is the Victim. Agriculture is the sector that
feels the effects of climate change most acutely. Rising temperatures, changing rainfall
patterns, more frequent and severe droughts or floods... All of these are disrupting the
centuries-old planting and harvesting calendars. Crops that grew yesterday cannot
grow in the same place today. New diseases and pests are migrating further north. The
farmer is now playing a rigged game in their battle with nature.

= :l 2.
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The Second Side of the Paradox: Agriculture is (Partially) to Blame. The bitter truth
is that the agricultural sector is a major contributor to this crisis. Approximately a
quarter of global greenhouse gas emissions come from agriculture, forestry and land
use. Methane from livestock, nitrous oxide from Fertilisers, and forests cleared to make
way for farmland...

The Role of Young People: Not Victims, but Architects of the Solution. This is where
you come in. Previous generations created this problem or ignored it. Your generation,
however, was born into the midst of this crisis and will live with its consequences the
longest.

But this is not a lesson in hopelessness. As young people, you have two major
advantages:
1.You are digital natives: You embrace technology more quickly and naturally than
previous generations ever could.
2.You are not bound by the status quo: You have the energy and vision to demand
radical change without falling into the trap of ‘we've always done it this way'.

In this lesson, we will see how to use technology to break this paradox and how young
people can play a leading role in climate action.

5. EU Agricultural Policies: Opportunities for Young Europeans
The Rules of the Game: What Does Brussels Say?

| realise that politics and bureaucracy can seem tedious. However, if you are interested
in agriculture or agricultural technology in Europe, you cannot ignore the European
Union's vision. Because that is where the funding is, that is where the rules are, that is
where the future course is being charted.

We need to understand the two cornerstones of European agriculture, which we could
call its constitution:

1. Common Agricultural Policy (CAP): This is a massive mechanism that makes up a
huge part of the EU budget. For decades, the main goal was ‘to produce more," and
farmers were paid simply for what they produced. But this is changing. The new CAP
rewards not just production, but ‘production that protects the environment.’ You must
now comply with specific ecological standards to receive support.

2. The European Green Deal and the Farm to Fork Strategy: This is the EU's goal to
become the world's First carbon-neutral continent by 2050. For agriculture, this means
reducing chemical pesticide use by 50%, reducing fertiliser use by 20%, and increasing
organic farming areas to 25%.

Where is the opportunity? Here's the key point: these targets cannot be achieved
using traditional methods. To reach these targets, they need AgriTech, i.e., the
solutions you will develop. The EU is allocating billions of euros in funding to projects
that serve these goals.

In_this lesson, you will understand that policy is not an obstacle for you, but rather a_
massive tailwind that will support you if-"yog-gead it correctly. '
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6. Supporting Young Farmers in Europe: Building a Sustainable Future
Young Blood Sought Against the Grey Tsunami

A silent threat looms over European agriculture: ageing. We call it the ‘Grey Tsunami’.
Only 11% of farmers in Europe are under 40. Most farmers have reached retirement
age and there is no one to take their place. If this does not change, Europe will face
food security issues in the near future.

Europe needs young farmers and agricultural entrepreneurs. However, entering the
sector is not easy. There are two major barriers:
1.Access to Land: Land prices are very high, and existing land is often kept within
families.
2.Start-up Capital: Investing in technology and setting up a farm from scratch is
expensive.

How does Europe support you? Aware of these barriers, the EU has developed specific
mechanisms to attract young people to the sector:
e Young Farmer Payment: Under the CAP, new farmers under the age of 40 receive
higher direct payments than other farmers for the First five years.
e Installation Grants: One-off grants or very low-interest loans for the capital needed
when starting out (tractor, technology, land deposit).
e Training and Innovation Support: Erasmus+ projects (such as the one you are
currently involved in), Horizon Europe research funds, and digital skills training.

In this course, we will not only look at the challenges, but also the helping hand
extended to you to overcome these challenges and the real stories of young people
who have achieved success with this support. The sector is waiting for you.
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FIELD TECHNOLOGIES (H

Devices That Understand the Language of the Field
From Theory to Practice, From Digital to Physical.

To build the future, knowing code alone is not enough; you need to understand what
works in the field, how the soil feels, and what the plant needs. In this module, you will
learn about the ‘agents in the field’ that transform the physical reality of the field into
digital data and turn digital decisions into physical action.

You will see that drones are your eyes in the sky, sensors are your fingers in the soil,
and smart irrigation systems are your lifeline feeding the plants. These devices are the
new alphabet of agriculture.

&

_~TECHNOLOGIES .-~
= (HARDWARE

Devices That Understand the Language of the Field
From Theory to Practice, From Digital to Physical

7. Drones in Agriculture: Agriculture Takes Flight
Your Eyes in the Sky: Managing the Field from Above

We begin with one of the most iconic and cool technologies in agriculture: Drones
(Unmanned Aerial Vehicles - UAVs). Once used only for military purposes or as a hobby,
these devices have now become one of the most important tools in the farmer's
toolbox.

Drones are primarily used in agriculture for three main purposes:

1. Mapping and Exploration (The Scout): Walking across your field can take hours,
even days. A drone does it in minutes. With high-resolution cameras, it creates a 3D
map of the field, defines its boundaries, and analyses the topography. This is the First
step in creating a digital twin of your Field.

N7 | 2
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2. Plant Health Analysis (The Doctor): This is where the magic happens. Drones don't
just take normal photographs; they carry ‘multispectral’ cameras. These cameras
capture light wavelengths (such as near-infrared) that are invisible to the human eye. A
healthy plant reflects light differently than a stressed plant (thirsty, diseased,
malnourished). The drone sees this difference and tells you, ‘There's a problem starting
in that corner of the field, go check it out! You detect the problem days before it
becomes visible to the naked eye.

3. Precision Spraying and Fertilising (The Worker): Once the problem is identified, it's
time to take action. Spraying drones come into play where tractors cannot enter, the
ground is too wet, or the terrain is too steep. More importantly, instead of spraying the
entire Ffield, spot spraying only the areas identified as ‘problematic’ by the analysis
results in significant chemical savings.

In this lesson, we will learn about different types of drones, their payloads (cameras,
sensors), and the legal framework for agricultural aviation.

8. The Future of Farming: loT, Sensors, and Al in Smart Agriculture
Making the Soil Talk: The Nervous System of the Field

Drones look at the field from the outside, but what is happening inside? How much
water is there at the root of the plant? Is the humidity in the air suitable for fungal
disease? Is the soil temperature sufficient for sowing seeds? Instead of guessing the
answers to these questions, we have to measure them.
To do this, we are installing a ‘nervous system’ in the field. This system is called the
Internet of Things (loT).
What is 10T? Simply put, it is the ability of physical objects (sensors) to connect to the
internet and communicate with each other and with you. In agriculture, this means
sensors placed at different points in the field collect data 24/7 and send it to the cloud.
Our Agents in the Field (Sensors):
1.So0il Sensors: These are inserted into the soil and measure moisture, temperature,
and sometimes even nutrient elements (NPK) and pH in the root zone. They tell you
exactly when to irrigate.
2.Weather Stations (Microclimate): Measure the specific weather conditions of the
field. Temperature, humidity, wind speed, rainfall, leaf wetness... Regional weather
forecasts are not enough; the current conditions of your field are important.
3.Plant Sensors: Attached directly to the plant's stem or leaf, they measure water
flow within the plant or micro-changes in stem diameter. It's like taking the plant's
pulse.
Data Collected, Now What? (Artificial Intelligence) Data streams in every minute
from thousands of sensors. It is impossible for a human to look at all this data and say,
‘Right, now I'll open the valve.” This is where Artificial Intelligence (Al) comes in. Al
algorithms analyse this massive pile of data, compare it with historical data, and make a
decision for you (or directly for the irrigation system): Moisture in the root zone has

fallen below 30% and the air temperature is rising. Water zone 3 for 45 minutes at 6:00
pm. 1 Z
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9. Smart Irrigation Systems: Revolutionising Water Management in Agriculture
Counting Every Drop: From Wild Irrigation to Precision Irrigation

Agriculture uses 70% of the world's freshwater resources. And unfortunately, much of
this water is wasted. With the climate crisis, water is becoming more valuable than oil.
The era of ‘flooding the field’ (flood irrigation) is over.
Now we must give the plant water ‘when it needs it,’ ‘where it needs it," and ‘as much as
it needs.’ We call this Smart (Precision) Irrigation.
How does it work? Smart irrigation is a combination of what we learned in the previous
two lessons. Sensors (loT) indicate when the soil is dry, Artificial Intelligence (Al)
decides how much water is needed, and this decision is communicated to the Smart
Irrigation System.
Smart Irrigation Methods:
1.Drip Irrigation: This is the most efficient method. Water is delivered directly to the
plant's root zone in small droplets. Evaporation and surface runoff loss are nearly
zero. When integrated with smart systems, you can control each valve individually.
2.Variable Rate Irrigation (VRI): Typically used in large, mobile irrigation systems
(pivots). Not all parts of a field are the same; some areas are sandier and drain
water quickly, while others are clayey and retain water. VRI systems advance
according to the field's map, spraying less or more water where needed.
Result:
e Water Savings: Water savings of 30% to 70% can be achieved.
e Energy Savings: Pumping less water means using less electricity/fuel.
e Increased Yield: Plants are neither dehydrated (stress) nor drowned in excess water
(root rot). They yield maximum results under optimal conditions.

In this lesson, we will see how technology is our most powerful weapon in combating
drought and how to manage water intelligently.

N\
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AUTOMATION AND REMO
Production Without Human Intervention

Pushing Physical Boundaries, Eliminating
Human Error.

Throughout history, agriculture has been a
‘manual’ labour. The farmer's eyes, sweat
and labour were at the heart of production.
However, humans tire, make mistakes,
cannot be everywhere at once and cannot
work 24/7. Machines, on the other hand,
are the complete opposite.

In this module, we move to the ‘industrial’
side of agriculture. We will see how fields,
or rather completely controlled
environments (greenhouses), are
transformed into autonomous Ffactories.
Then, we will discover how to farm from
space without ever going to the field and,
finally, how to manage this entire complex
operation with the phone in your pocket.

10. Automation Systems in Greenhouse Management
Plant Factories: Not Mimicking Nature, but Optimising It

If you think of greenhouses as just ‘fields covered with plastic,’ it's time to change that
idea. Modern greenhouses are like ‘intensive care units’ or ‘space stations’ designed for
plants. The secret to growing tomatoes indoors while it's snowing outside is fully
controlled environment automation.

In an open field, you battle nature (weather, wind, unexpected rainfall). In a modern
greenhouse, you ‘play God." Every parameter is under your control, and this control is
too sensitive to be left to humans.

What do we automate?

e Climate control (Brain): The temperature, humidity and CO2 levels inside the
greenhouse are constantly monitored. When the air warms up, the windows
(ventilation) open automatically; when it cools down, the heating systems kick in;
when the humidity drops, misting begins. There is no human intervention.

o Fertigation (Feeding): Irrigation and fertilisation are combined. Nutrients (NPK and
trace elements) are automatically mixed into the water with milligram precision
according to the plant's current age and needs and fed to the plant.

\JI
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e Lighting (Sun): Especially in vertical farming or during winter months, sunlight is
insufficient. Special spectrum LED lights automatically turn on and off to maximise
photosynthesis.

Result: Standard, high-quality, year-round, uninterrupted production. Human error
(such as forgetting to turn on ventilation) is eliminated.

11. Agricultural Remote Sensing: Satellite Imagery and Sensor Technologies
Agriculture from Space: Seeing the Invisible

Imagine you have 10,000 hectares of land. Drones are great, but flying over such a large
area every day is impractical. So, how can you monitor the condition of your field
without ever going there, even from another country? The answer: our eyes in orbit,
satellites.
Remote sensing is the art of gathering information without physically touching the
object. In agriculture, this usually means using Earth observation satellites (particularly
the European Union's Copernicus programme Sentinel satellitesand the American
Landsat).
What Do Satellites Tell Us? Satellites don't just take ‘pictures’. Like drones, they
record different wavelengths of light. We use this data to create various ‘indices’. The
most fFamous is the NDVI (Normalised Difference Vegetation Index).
Simply put, NDVI is a map that shows ‘how green and healthy the vegetation is.’

o Healthy vegetation absorbs visible red light (For photosynthesis) and strongly

reflects near-infrared light.

e Stressed (sick/thirsty) vegetation does the opposite.
The satellite measures this difference. You can then see a colour map on your
computer, comparing last week's image of your field with this week's image. Areas
turning red signal ‘Alarm! There's a problem here, go and check it out.’ This is a unique
tool for macro-level management and historical development tracking.

12. AgriTech Revolution: Transforming Farming with Smartphones and Mobile Apps
The Operations Centre in Your Pocket: Controlling Agriculture

Data came from sensors, images came from satellites, artificial intelligence performed
an analysis... So, where do all these complex pieces of information come together?
Does the farmer have to be a data scientist to use this information?

No. The place where all this complexity reaches the end user (the farmer or agricultural
engineer) is the device everyone carries in their pocket: the Smartphone.

Mobile applications and Farm Management Software (FMS) are the ‘user interface’ of
the AgriTech revolution. They are the tools that democratise technology and make it
accessible.

(&2
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What happens on a farmer's phone?

1.Digital Logbook: No more taking notes on muddy paper. When and how much
fertiliser was applied to which field, when spraying was done, is entered into the
application. All historical records are at your fingertips (this is critical for
certification and traceability).

2.Alerts and Notifications (Alarm System): When sensors detect a risk of frost or
satellite imagery shows signs of disease, you receive an instant notification (push
notification) on your phone. ‘Moisture levels in your field are critical in zone 3!

3.Remote Control: You've received the notification. No need to go to the field. You
can open the irrigation valves or close the greenhouse ventilation with a single tap
on the app.

In this lesson, we will see how complex technologies are simplified and brought to our
fingertips, and how modern farming can become a desk job (or a job done from a café
corner).

youth in
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DATA INTELLIGENC

Turning Data into Decisions
Data is the New Oil, But Only if Processed.

We have collected terabytes of data from sensors in the field and satellites in the sky.
So what happens now? As long as this data sits on a hard drive, it is of no use to the
farmer.

This module is the ‘brain’ of AgriTech. Here, you will see how raw data is transformed
into meaningful information and then into profitable and sustainable decisions. We will
understand the logic of farming by looking at screens rather than the soil, and using
algorithms rather than muscle power. We will discover how data science, artificial
intelligence, and digital mapping have entered the service of agriculture.
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13. Big Data in Agriculture: Revolutionising Farming with Smarter Decisions
Transitioning from Intuitive Farming to Evidence-Based Farming

For thousands of years, farming has been an ‘intuitive’ business. Farmers would look at
the sky, feel the soil, and make decisions based on their experience. This experience is
valuable, but it is insufficient in today's complex climate and market conditions.
We are now in the age of '‘Big Data’. Agriculture is becoming one of the world's most
data-intensive industries.
What is Big Data and Where Does it Come From? In agriculture, data is not just an
Excel spreadsheet. It is a vast, diverse and fast-flowing river from three main sources:
1.Machine Data: Technical data produced by tractors, drones and sensors (location,
fuel consumption, soil moisture).
2.Environmental Data: Historical weather records, satellite imagery, climate models.
3.0perational Data: Records of what the farmer has planted in the past, how much
fertiliser they have used, and how much they have harvested.
Processing Data: Connecting the Dots. In this lesson, we will see how billions of
seemingly unrelated data points from these different sources are brought together

(data-intearation)
atd-Hhtegfation):

{gac

Y

youth in

3



Firse ri @) o Erasmus+ “ il o TR

..... {ie o i ¥ -
undacja Rozwoju Systemu Edukac)i Enriching lives, opening minds. of the European Union

For example, when last year's weather data for the same period + current soil moisture
sensor data + plant colour data from satellite imagery are combined, the system can tell
you: The risk of fungal disease is 85%, you should use this pesticide at this dosage.

This is when data turns into a decision. We no longer say, | think it's time to spray; we
say, The data tells me to spray.

14. Agricultural Planning: Smart Farming with Geographic Information Systems
(GIS)

Your Field Is Not as Flat as You Think: Spatial Intelligence

When you look at your field from a distance, it may appear as a single piece of green
carpet. However, in reality, no field is homogeneous (uniform). One corner may be
sandier, another corner may retain water; one side may receive more direct sunlight,
another side may be sloped.
In traditional farming, the entire field receives ‘average’ treatment. The same amount
of Fertiliser and the same amount of seed are applied everywhere. This means applying
too much fertiliser to sandy areas and too little to clay areas. It is a huge waste.
What is GIS (Geographic Information Systems)? GIS is ‘smart cartography’. It allows us
to create a map of your field, layered like a digital lasagne.
In this lesson, we will see how we create and use these layers:

1.Layer (Base): Topography and slope map.

2.Layer (Soil Analysis): A map showing which minerals are lacking in which areas.

3.Layer (Yield History): A map showing how much crop was harvested from which

areas last year.

Variable Rate Application (VRA): When we overlay these maps, ‘Spatial Intelligence’
emerges. We can now load this map onto our smart tractor. As the tractor moves across
the field, it looks at the GIS map and automatically adjusts the fertiliser amount, saying,
‘This is a productive area, apply less fertiliser; this is a weak area, apply more fertiliser.’

GIS is the technology that allows us to write a prescription for every square metre of
the field.

15. Yield Prediction and Product Management with Artificial Intelligence
Algorithms Instead of Crystal Balls: Seeing the Future

The greatest uncertainty in agriculture is this: ‘How much product will | get at harvest
time?' The answer to this question determines logistics, storage, marketing, and pricing.
If the fFarmer does not know this, the product either stays in the field or is sold at a loss.
Artificial Intelligence (Al) and Machine Learning are the most powerful tools used to
minimise this uncertainty in agriculture. Al can find complex patterns in data that a
human could never see.
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How Does Al Work in Agriculture? Two Key Examples:

1. Yield Prediction (Forecasting the Future): We ‘train’ artificial intelligence with data
from the past 10 years. (E.g., ‘In 2018, this much rain fell, the temperature was this, this
fertiliser was used, and as a result, 10 tonnes of tomatoes were harvested’). The
machine learns from this data. We then feed it this year's current data. Using the
patterns it has learned, Al provides us with a prediction: ‘If current conditions continue,
you will harvest 12.5 tonnes of tomatoes this year with 92% accuracy.’ This gives the
farmer and food industry immense planning power.

2. Disease Detection (Computer Vision): We use ‘Computer Vision,' a subfield of Al.
We show the Al thousands of photos of healthy leaves and thousands of photos of
diseased leaves and ‘teach’ it. Then, as a drone or robot flies over the field, the Al
instantly analyses the images from its camera. It recognises even the tiniest yellowing
or spot that the human eye cannot yet detect among thousands of green leaves and
sounds the alarm: ‘There is a 98% chance that mildew disease is starting here.’

In this lesson, we will understand that artificial intelligence is not science fiction, but a
‘super assistant’ that makes us more profitable and proactive in the field.
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Digital Assurance Systems
Managing Agricultural Uncertainties with Technology and Ensuring Food Safety.

Agriculture is inherently one of the world's riskiest industries. A sudden frost overnight
can destroy an entire harvest, a sudden market fluctuation can render a year's labour
worthless, or fraud in the food chain can threaten the health of millions.

In this module, we will see how we use technology as a ‘shield’ and a ‘verification
mechanism’. We will discover how big data is transformed into concrete action, how
digital radars warn of approaching dangers, and how blockchain establishes a chain of
trust from Field to fork. This is where uncertainty is replaced by ‘digital assurance’.

16. Agricultural Data Analysis and Decision Support Systems
‘The Farmer's Digital Co-Pilot: DSS’

In the previous lecture, we saw that Artificial Intelligence (Al) provides us with
probabilities such as ‘85% risk of mildew disease.’ This is excellent information, but it is
not sufficient For a farmer. The question in the farmer's mind is: "So, what should | do
now? Which pesticide should | use, when, and how much?’

This is where Decision Support Systems (DSS) come in. Think of the difference between
Al and DSS like this: Al tells you ‘It's cloudy, it might rain’; DSS tells you 'Take your
umbrella."

How does DSS work? DSS is the ‘brain team’ of farm management.

1.Input (Data): It receives all data from sensors, satellites, meteorology, and Al
analyses.

2.Rule Engine (Agricultural Knowledge): It combines this data with the agricultural
engineering rules and plant physiology knowledge loaded into the system. (E.g., ‘If
the temperature is above 25°C AND leaf wetness has lasted for 4 hours AND the
plant is in the flowering stage...")

3.0utput (Action Recommendation): Sends a clear, actionable ‘prescription’ to the
farmer's phone.

Example Scenario:

e Old Method: The farmer looks at the calendar and says, ‘It's June, I'll spray this
pesticide.’ (Risk of unnecessary spraying).

e DSS Method: The system sends an alert at 07:00 in the morning: ‘Dear producer,
moisture conditions in plot 4 have become suitable for apple scab. It is
recommended that you apply 100ml of pesticide X per decare within the next 24
hours. Wind conditions are suitable for application between 16:00 and 19:00.

In this lesson, we will see how data is transformed into a concrete action plan and how
the mental burden on the farmer is alleviated.

(&
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17. Digital Risk Management in Agriculture: Smart Tools Empowering Farmers
Digital Radars Against Invisible Dangers

Farming is like walking through a minefield blindfolded. The climate crisis has increased
the number of these mines. We cannot completely eliminate risks, but we can make
them “visible” and ‘manageable’.

Digital risk management is a shift from reactive (responding after an event) to
proactive (taking precautions before an event) farming.

Key Risks and Digital Solutions:

1.Climate and Weather Risk (Frost, Hail, Drought):
Problem: General weather reports are insufficient for your field.
Digital Solution: Hyper-local weather stations and early warning systems. The system
instantly alerts you when the temperature in your field drops to a critical level (e.g.,
-1°C), allowing you to activate frost fans or irrigation systems to save the crop. Minutes,
not hours, matter.

1.Biological Risks (Diseases and Pests):
Problem: Pests can suddenly invade the field.
Digital Solution: Smart pheromone traps. Camera-equipped traps placed in the Ffield
count the insects that fall into them and identify their species. When the warning ‘Pest
population has exceeded the economic damage threshold’ is received, you only
intervene when necessary.

1.Market and Price Risk:
Problem: Not knowing when to sell the product.
Digital Solution: Platforms that instantly track global and local market prices and stock
levels using big data analysis. They provide strategic information such as Prices are
trending upwards, wait to sell or There is excess supply, sell immediately.

18. Blockchain in Agriculture: Boosting Trust, EFficiency, and Fairness
From Field to Fork: An Unbreakable Chain of Trust

A package you pick up at the supermarket says ‘Organic,’ ‘'Fair Trade,” or ‘Locally
Produced.” But do you really believe it? In an age of food fraud and information
pollution, consumer trust has been broken.

‘Words’ are no longer enough; “proof” is needed. This is where Blockchain technology
comes in. Don't think of Blockchain as limited to cryptocurrencies; it is an ‘immutable
digital ledger’.

How does Blockchain work in agriculture? Think of every step of a food's journey
from Field to table as a digital ‘block’ and imagine these blocks chained together.
1.Block 1 (Seed and Sowing): The farmer enters information about the certified seed

they are using and the sowing date into the system. This record is locked.
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2.Block 2 (Growing): Sensor data from the field (amount of irrigation, pesticides
used/not used) is automatically added to the chain. The ‘pesticide-free’ claim is
proven here.

3.Block 3 (Harvest and Logistics): When was the product harvested, and at what
temperature was it transported? Whether the cold chain was broken or not is
recorded in this block via sensors.

4.Block 4 (Retail): The product arrives on the supermarket shelf.

Result: Transparency and Trust As a consumer, you scan the QR code on the product in
the supermarket with your phone. What appears is not just an advertising text, but the
unalterable, transparent life story of that product. You will see which field it was grown
in, when it was harvested, and which truck it arrived in.

In this lesson, we will see how blockchain ensures food safety, protects good producers,
and brings ‘real transparency’ instead of ‘brand value'.

Y
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ENTREPRENEURSHIP (AGRI-BUSIN
Turning Technology into Business
You've learned the technology; now it's time to turn it into a business model.

Set aside everything you know. If the technology you've developed or the service you
offer doesn’t make a farmer’s life easier, earn them money, or solve a problem, it's just
an expensive hobby.

In this module, we step out of the lab and into the real world, i.e. the market. You will
see how others have succeeded and begin to chart your own roadmap to success. In the
AgriTech world, you don't have to be just a ‘farmer’; you will discover how to find your
place in this new ecosystem.

ENTREPRENEURSHIP (AGRI-BUSINESS)
Transforming Technology into Business

AGRITECH
r—) 4 ECOSYSTEM ||

i
_ENTREPR ENEUR .

A [ ADVISOR ]
- ==

~

- |"j 2

~

< | (ROADMAP TO SUCCESS ).

19. Innovation Blooming in the Fields
Not Silicon Valley, but a Tomato Greenhouse: Where Real Innovation is Born

When you hear the word ‘innovation,” you might think of people writing code in office
buildings or futuristic laboratories. However, in AgriTech, the greatest innovations
emerge when people in boots try to solve a problem.

In this lesson, we will focus on the real stories of start-ups that achieved the
‘impossible,” starting from scratch and transforming the sector. They didn't just use
technology; they changed a mindset.

A |
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Inspiring Case Studies (Archetypes):
Case 1: ‘The Water Warrior’ (Hardware Startup)

e Problem: In one region, farmers were depleting groundwater through excessive
irrigation and were struggling under the weight of energy costs.

e Solution: A young engineer developed an affordable, loT-based moisture sensor
using local materials instead of expensive imported sensors and connected it to a
simple SMS alert system.

e Result: Farmers reduced water consumption by 40%, and the entrepreneur founded
a company that sold this system to thousands of farmers.

Case 2: ‘Eye in the Sky’ (Service Initiative)

e Problem: Small farmers lacked the budget or technical knowledge to purchase their
own spraying drones.

e Solution: A group of young people established a cooperative offering a ‘Drone
Spraying Service.’ Farmers call them like they would call an Uber, receive the service,
and pay only for what they use.

e Result: Technology became democratised, small farmers gained access to big
technology, and young people created a profitable service sector.

Case 3: ‘Digital Grocer’ (PlatForm Initiative)
Problem: Producers sold their products cheaply, consumers paid dearly. The middlemen
profited.

e Solution: A blockchain-based marketplace application was developed that sells
directly from the field to the restaurant/consumer.

e Result: Transparent pricing, fairer income distribution, and fresh food.

The common thread in these stories is this: it's not about falling in love with technology,
it's about falling in love with the problem and using technology as a tool to solve that
problem.

20. Entrepreneurship Opportunities in Digital Agriculture
You Don't Have to Be a Farmer: New Roles in the AgriTech Ecosystem

Not everyone taking this course may own land, nor does everyone want to spend their

life in the fields. And that's a great thing! Because digital agriculture needs not only

‘modern farmers’ but also brand-new professional roles to keep this system running.

The agriculture sector is no longer just the domain of agricultural engineers; it's also

the playground of data scientists, software developers, drone pilots, and business

developers.

New Generation Job Opportunities and Models:

1.The Modern Farmer: Using technology on your own land (or rented

land/greenhouse) to produce high value-added products. (E.g. growing medicinal
plants in vertical farming).
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2.The Service Provider: This is one of the fastest-growing areas. Farmers may not have
the capital to invest in technology, but they can purchase the service.
o Service Examples: Agricultural drone piloting, satellite image analysis
consultancy, sensor installation and maintenance services.
3.The Builder: Those who produce the hardware or software needed by the sector.
o Product Examples: Domestic greenhouse automation software, image
processing algorithms for specific pests, durable agricultural sensors.
4.Data Broker/Analyst: Anonymising and processing data from thousands of sensors
in the region; selling ‘regional risk reports’ or ‘market forecasts’ to banks, insurance
companies, or seed companies.

From Idea to Business Model: Having an idea is not enough. You need to answer the
questions: ‘Who is my customer?’, ‘What problem am | solving?’, ‘How will | make
money?’ In this lesson, we will take the first steps in transforming your idea from just a
dream into a sustainable ‘Business Model'.

N7
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Adding Value to Society and Youth
Not Just About Making Money, But for Those Who Want to Make a Difference.

When agriculture and technology come together, it's not just productivity that
increases; people's lives change too. Rural areas are emptying, villages are ageing, and
cities are buckling under the weight of an unsustainable population. This is not just an
economic crisis; it's a major social crisis.

In this module, you will discover AgriTech's power to reverse this trend. You will see
how technology creates a ‘pull factor’ to keep young people in villages and what it
means to be a ‘social entrepreneur’ who solves a social problem while also making a
profit. This is where the heart of technology beats.

21. Agri-Entrepreneurship Opportunities: Transformative Models for Rural Youth
Leave Your Suitcases Behind: A New Life in the Village is Possible

The biggest problem in rural areas is not water, fertiliser, or seeds. The biggest problem
is the feeling of loneliness and futility. Young people are leaving villages because they
don't want to work hard like their fathers, earn little in return, and be cut off from
social life. And they are right.

However, AgriTech is changing this equation. Technology is making rural life not just
bearable but desirable.

41
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The Keys to Reverse Migration: How to Model It?

1.Changing the Nature of Work (From Labour to Engineering): You cannot keep a
young person in the village by putting a hoe in their hands. But when you give them
a drone controller or a tablet, things change. Agriculture ceases to be a physical
burden and becomes an intellectual and technological challenge. It is a ‘cool’ job.

2.High Value-Added Niche Production: You can earn the same money your father
earned by planting wheat on 50 acres by using technology to grow medicinal
aromatic plants in a 1-acre vertical farming Facility. Focusing on models that take up
little space in rural areas but have high returns ensures the economic independence
of young people.

3.Becoming Technology Ambassadors for Rural Areas: We know that the elderly
uncles in the village cannot set up smart irrigation systems. You can become the
village's ‘technology service provider." While starting your own business, you also
increase your neighbours' productivity. This earns you respect and an indispensable
status in the village.

In this lesson, we will learn about the concept of ‘new ruralism’ through the real stories
of young people who left the city and returned to the village, converted an old barn
into a mushroom production laboratory, or established the village's first e-commerce
cooperative.

22. Agriculture and Social Entrepreneurship - Models for Social Contribution
Is it possible to both make a profit and save the world?

Until now, the business world has been divided into two: companies that aim only to
make money and foundations/associations that aim only to do good.

Social Entrepreneurship is a new and powerful model that sits squarely in the middle of
these two. Its goal is to make a profit (because it must be sustainable), but its raison
detre is to solve a social or environmental problem. We call this an Impact-Driven
Business Model.

Examples of Social Entrepreneurship in Agriculture:
1. Problem: Food Waste and Poverty

e Traditional Approach: Ignoring waste or throwing it away.

e Social Enterprise Model: Creating a digital platform that buys products from
farmers at low prices—such as misshapen carrots or small apples that cannot be
sold but are nutritionally sound—and delivers them to low-income families in the
city at affordable prices. Farmers earn money, waste is prevented, and poor families
eat healthily. Profit? Yes, enough to cover the costs of this operation.

N
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2. Problem: Exploitation of Small Producers (Fair Trade)

o Traditional Approach: Accepting the low price set by the trader.

e Social Enterprise Model: A platform that uses blockchain technology to connect
small producers directly to gourmet restaurants abroad. Eliminating intermediaries
to ensure producers earn what they deserve. The success metric here is not just
turnover, but how many farmers living standards have improved'.

3. Issue: Soil Degradation

o Social Enterprise Model: An initiative that not only sells products but also promotes
‘regenerative agriculture’ methods that restore the soil and markets products made
using these methods with a ‘carbon-negative’ label.

In this lesson, we will redefine success. We will learn to view not only the numbers in
your bank account but also the ‘number of lives you have improved’ and the ‘amount of
land you have saved’ as measures of success.

T 4
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SECTORAL E PERTISE (NICHE TRACKS)
Areas of In-Depth Expertise
Beyond General Agriculture, Chart Your Own Course.

Agricultural technology education has provided you with a strong foundation and broad
vision thus far. However, success in the real world often comes from being the ‘best’ in a
specific field.

In this final training page, we focus on three distinct and specialised verticals within
agriculture. Whether you dive into the digital world of animals, overcome the
challenges of organic farming with technology, or learn nature's own design principles,
these modules open doors to becoming an ‘expert in one field’ rather than a ‘jack of all
trades.’

23. Digital Livestock Farming

Happy Cows, Productive Farms: Managing the Individual, Not the Herd

While agriculture may first bring to mind plants, livestock farming is a massive part of
the global food system and one of the areas most in need of digitalisation.

In traditional livestock farming, the farmer looks at a herd of hundreds of animals and
says, Overall, things are fine. However, one cow in that herd may have a sore foot,
another may be entering oestrus, and yet another may be developing mastitis (udder
inflammation). It is impossible to detect these issues at an early stage just by looking.

= 44
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What is Digital Livestock Farming (Precision Livestock Farming)?

It means monitoring each animal 24/7 thanks to collars attached to their necks,
pedometers attached to their feet, or boluses (sensors) placed in their stomachs. This is
a shift from managing the herd to managing the ‘individual'.

What are we tracking?

1.Health and Well-being: If a cow is moving less than normal or ruminating less, the
system alerts you: ‘This animal may be sick, check it." You catch the disease before
milk yield drops.

2.Reproduction Tracking: An animal in heat becomes more active. The sensor detects
this and informs you of the optimal time for insemination. Pregnancy rates increase
significantly.

3.Robotic Milking: Cows enter the robot themselves when they are ready to be
milked. The robot checks udder health with a laser, performs the milking, and
instantly analyses the milk quality. No human intervention is required.

In this lesson, we will see how barns are transformed into high-tech data centres and
how animal welfare is improved through technology.

24. Digital Transformation in Organic Agriculture
High Technology for Chemical-Free Farming

Organic farming is often perceived as ‘old-fashioned, traditional methods'. This is a
major misconception. Organic farming is much more difficult than conventional farming
because you do not have ‘chemical weapons’ (synthetic pesticides, herbicides) at your
disposal.

The challenges are considerable: combating weeds, disease control, and low yields. This
is precisely where technology comes to the rescue of organic farming. Organic farming
is not ‘anti-technology’ but rather smart technology-friendly.

What are the digital solutions?

1.Weeding Robots: Spraying chemical weed killers in the field is prohibited. Weeding
by hand is very expensive. Robots with cameras and artificial intelligence that
distinguish cultivated plants from weeds mechanically eliminate weeds (by scraping
or burning them with lasers). No chemicals, low labour costs.

2.Precision Biological Control: Beneficial insects (predatory insects) are used to
combat pests. Drones release the eggs of these beneficial insects precisely into the
areas of the field where pest populations are highest.

3.Trust Through Blockchain (Certification): The biggest fear of organic consumers is
the question, ‘Is it really organic?’ The blockchain technology we learned about
earlier solves this trust issue by transparently recording every step of the
production process.

——In-this-lesson,~we-will-explore-how technology has-taken-organic-farming-out of the

niche market and made it scalable. H
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25. Permaculture and Nature-Based Solutions
Designing with Nature, Not Against It

So far, we have always talked about ‘high-tech’: robots, satellites, artificial intelligence...
In this fFinal lesson, we are shifting gears and entering the realm of ‘appropriate tech’ or
what we might sometimes call ‘low-tech, high-design'.

Permaculture and Nature-Based Solutions is the science of building sustainable systems
by mimicking nature's own cycles (biomimicry), rather than viewing nature as a factory
and forcing it.

Where is the Technology Here?
The technology here is not in the hardware but in the design intelligence.
1.System Design: When designing a farm, we use GIS (Geographic Information
Systems) to analyse the slope of the land, the natural flow of water, and wind
corridors. Our goal is to determine, down to the millimetre, where to dig ditches
(swales) or ponds that will keep water on the land for the longest possible time.
2.Closed Loops (Circular Economy): One system's waste is another's input. We design
integrated systems such as converting animal manure into energy in a biogas plant,
using the resulting slurry for worm compost, and sending the worm compost to the
greenhouse.
3.Regenerative Agriculture: Not just using the soil, but improving it. Creating plant
patterns that sequester carbon in the soil.

In this course, we will see that sometimes the most advanced technology is
understanding nature's own algorithm and how ancient knowledge, accumulated over
thousands of years, combines with modern design tools. This is the way to build
resilient systems.
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YOUTHINAGRITECH EDUCATION CURRICULUM AND
THEORETICAL FRAMEWORK

This section consists of articles that form the theoretical foundation of the digital
training courses offered on the YouthInAgriTech platform. The following texts provide
an in-depth analysis of the vision, technology, data science, entrepreneurial models,
and ecological dimension of Agriculture 4.0. Young people are advised to read this
theoretical framework before starting the video lessons on the platform.

‘(?ﬁ\ YOUTHINAGRITECH EDUCATION
st | CURRICULUM AND THEORETICAL FRAMEWORK

in_troduction: Theoretical Foundation for Digital Training Courses

THEORETICAL |
FOUNCATION |
ARTICLES |

DIGITALTOOLS

INTRODUCTION:
READ BEFORE
VIDEO LESSONS

PRACTICAL APPTION:

THEORETICAL FRAMEWORK ANALYSIS » YOUTHINAGRITECH PLATFORM
VIDEQ LESSONS
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ARTICLE 1: A NEW ERA IN AGRICULTURE AND THE FUTURE OF FOOD

Topics Covered: Smart Agriculture, Future of Food, Agriculture 4.0

Although agriculture is one of humanity's
oldest  professions, it is currently
experiencing the greatest turning point in its
history. Production models that have relied
on physical strength and seasonal
predictions for thousands of years are being
replaced by cyber-physical systems known as
‘Agriculture 4.0'.

This transformation is not a choice, but a
global necessity. There is no other way to
feed the world's population, expected to
reach 10 billion by 2050, with decreasing
agricultural land and dwindling water
resources. Smart Agriculture is much more
than just bringing technology to the field; it
is the transformation of agriculture into a
data science.

In traditional agriculture, the farmer makes
intuitive decisions, saying, ‘I think it will rain’;
in digital agriculture, he makes ‘Data-Driven
Decisions’ by processing signals from
sensors, satellites, and historical data. In this
new era, fields are becoming production
areas managed like Ffactories, with every
square metre optimised.

The future of food is also benefiting from
this transformation. The concept of ‘Food of
the Future' is taking shape not only in the
fields but also in vertical farms in city
centres, soil-free hydroponic systems, and
even proteins produced in laboratory
environments. Agriculture 4.0 aims to free
food production from the uncertainty of
natural conditions and turn it into a
controllable, predictable, and sustainable
engineering discipline. For young people,
understanding this vision is not just a career
choice but a responsibility for the continuity

of civilisation.
N :l 4{3
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ARTICLE 2: HARDWARE REVOLUTION: DRONES, SENSORS AND ROBOTICS

Topics covered: Drones, loT, Automation, Smart Irrigation, Digital Livestock

The physical power of digital agriculture is
provided by autonomous machines in the
field and the Internet of Things (loT). This
hardware has become the farmer's eyes,
ears and hands. Agricultural drones, in
particular, are the most concrete example of
taking agriculture to the skies. Drone
technology  Ffulfils two  fundamental
functions in agriculture: Observation and
Operation. Drones equipped with
multispectral cameras can detect the stress
level of plants (NDVI) days before the human
eye can see it, while spraying drones can
make pinpoint interventions without the
tractor having to crush the field.

However, the real revolution lies in invisible
networks, namely Internet of Things (loT)
technology. Moisture sensors buried in the
soil, temperature gauges in greenhouses, or
smart collars around animals' necks
continuously generate data. These devices
communicating with each other (M2M)
enables automation. For example, in smart
irrigation systems, the soil moisture sensor
sends a ‘critical water level' signal to the
cloud, the cloud system checks the weather,
and if there is no rain, it automatically opens Similarly, wearable technologies (digital
the valve. This cycle, which occurs without collars) used in animal husbandry enable
human intervention, prevents water wastage the digitisation of preventive medicine
and maximises yield. by analysing the animal's health based
Automation is even more advanced in on the number of ruminations and its
greenhouses. Modern greenhouses, where oestrus period based on the number of
climate control, shading, and fertilisation steps.

systems are entirely managed by computers,

are ‘Plant Factories’ capable of production

independent of external weather conditions.

S 4
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ARTICLE 3: THE BRAIN OF AGRICULTURE: DATA ANALYTICS AND ARTIFICIAL
INTELLIGENCE

Topics Covered: Big Data, Al, GIS, Remote Sensing, Blockchain, Risk Management

The power that transforms the data
collected by hardware into meaningful
information is software and artificial
intelligence (Al).

In agriculture, Big Data means processing
terabytes of data flowing from the field.
However, the real added value lies in the
analysis of this data. Artificial intelligence
algorithms can make 'Yield Predictions’ by
examining climate data from previous years,
soil  analyses, and current plant
development.

This means that a farmer can know with up
to 90% accuracy how much produce they will
harvest and how much they will earn at the
beginning of the season. Remote Sensing
and Geographic Information Systems (GIS)
enable the spatial management of
agriculture. Images obtained from satellites
create ayield map of the field.

Thanks to these maps, instead of applying
fertiliser evenly across the entire field, the
farmer saves money by applying Ffertiliser
only to the areas that need it (Variable Rate
Application - VRT). In addition, digital risk
management tools send the farmer an ‘Early
Warning’ by predicting risks such as hail,
frost or disease in advance.

The Ffinal link in this chain is Blockchain
technology. This technology, which
guarantees food safety, records the
product's journey from field to table in an
immutable  manner. Consumers can
transparently see which field the product
they purchased came from, when it was
harvested, and which pesticides were used.
This is the digitisation of the element of

‘Trust' in agriculture, )
<) 5
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ARTICLE 4: ENTREPRENEURSHIP AND NEW BUSINESS MODELS IN AGRICULTURE

Topics Covered: Agri-Entrepreneurship, Social Entrepreneurship, Innovation, Digital

Agriculture

Largeitractor;
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The agricultural sector is no longer just
production-oriented but a value-oriented
field of entrepreneurship. The concept of
‘Agri-Preneur’ is the new driving force
behind rural development. Instead of being
stuck with the low profit margins of
traditional farming, it is possible to develop
new technology-based business models.
Digitalisation opens the doors to global
markets for young people living in rural
areas.

Entrepreneurship opportunities fall into
three main categories: First is the Farming as
a Service (FaaS) model. Instead of purchasing
expensive machinery, start-ups offering
drone spraying or robotic harvesting
services to farmers overcome the capital
barrier. Second is the Value-Added
Production model.

Models that process raw materials, brand
them, and reach consumers directly through
e-commerce eliminate intermediaries. The
third is Social Entrepreneurship. These are
models that are not solely profit-driven but
also produce solutions to social and
environmental problems.

Platforms that prevent food waste, digital
cooperatives that unite small farmers, or
networks that support women producers are
increasing the social impact of agriculture.
Innovation is flourishing in the fields and
offering a limitless playground for young
people.
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ARTICLE 5: SUSTAINABILITY, ECOLOGY AND POLICY

Topics Covered: Climate Crisis, Permaculture, Organic Farming, EU Policies

greatest threat to agriculture,

technology at the service of ecology.

efficiency of ecological production.

The ultimate goal of technological progress
is not only to increase productivity but also
to create a production model that respects
the planet's limits. The Climate Crisis is the

agriculture can also be part of the solution
to the climate crisis. The YouthInAgriTech
curriculum adopts an approach that puts

Sustainable Agriculture aims to pass on
resources to future generations. Nature-
based solutions such as Permaculture and
Regenerative Agriculture transform
agriculture into a ‘Carbon Sink’ by increasing
the soil's carbon sequestration capacity.
Digitalisation is Organic Farming's greatest
ally. Using laser weed robots instead of
chemical herbicides or distributing biological
control agents via drones increases the

This vision is also aligned with the European
Union's Common Agricultural Policy (CAP)
and the Green Deal. The EU is allocating
substantial funds to support young farmers
and is promoting the digital-green
transition. It is critically important for young

people to be aware of these policies and
grant mechanisms, to finance their projects,
and to establish international collaborations.
The farmer of the future must be both a

technologist and an ecologist.
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G TRANSFORMATION OF THE FIELD

Digital Muscles and Silicon Senses: The New Anatomy of Agriculture

If you think agriculture is just about soil, water, sun, and the farmer's sweat, it's time to
update that image. 21st-century agriculture is a cyborg (half-biological, half-machine)
organism where biology and technology are seamlessly integrated.

The concepts we discussed in previous sections, such as digital vision, big data, and
artificial intelligence, only become reality when they find a physical counterpart in the
field. No matter how intelligent a software programme is, it is blind if it cannot see
what is happening in the Ffield; it is paralysed if it has no mechanism to implement its
decisions.

DIGITAL MUSCLES AND SILICON SENSES: THE NEW ANATOMY OF AGRICULTURE

s NER
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In this section, we will examine the hardware ecosystem that forms the other vital
organs in this new agricultural anatomy, where software is the brain:
1.Sensory Organs (Sensors): Digital nerve endings that measure soil moisture, air
temperature, plant stress or cattle heart rate 24/7. Thanks to them, agriculture
moves from being prediction-based to becoming an evidence-based science.
2.Musculoskeletal System (Robotics and Mechanisation): Autonomous tractors
roaming the fields, drones spraying pesticides from the air, or robotic arms working
in greenhouses. Tireless workers implementing the decisions made by the brain in
the physical world.
3.Nervous System (Connectivity and Infrastructure): Wireless networks and data
highways connecting all these devices to each other and to the central brain (the
Cloud).

This section will provide an X-ray view of the physical infrastructure that makes a farm
smart. Get ready to explore this technological network, stretching from invisible
sensors beneath the soil to satellites at the edge of the atmosphere.

N7 | 5+
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IND EYES: SOIL SENSORS

Hearing the Whisper of Roots: The Truth Beneath the Soil

The oldest and most costly mistake in agriculture is this: making decisions based on the
surface. A farmer takes a handful of soil from his field, looks at its dryness, and says, ‘It's
time to irrigate." However, the place where the plant drinks water is not the surface, but
the root zone 30 cm, 60 cm or even 90 cm below. The surface may be bone dry, while
the root zone may still be muddy wet. The cost of this mistake is either wasted water
and energy, or stressed plants and reduced yields.

Soil sensors put an end to this blind flight. These ‘digital spies’ we place underground
provide us with real-time updates from the world of the roots. They focus on two main
types of data:

1. How Much Water is There? (Soil Moisture Sensors): These typically use ‘Capacitive
Sensors’ or ‘TDR (Time Domain Reflectometry)’ technology. Simply put, they send an
electrical signal into the soil. Water conducts electricity well, while air and dry soil
conduct it poorly. By looking at the speed or change in the signal's return, they
calculate the volume of water in the soil (as a percentage).

o Profile Sensors: These are the most advanced types. They are long rods inserted
vertically into the soil. They measure different depths along the rod (e.g. every 10
cm) simultaneously, rather than just a single point. This allows you to observe, like
watching a film, how water filters down through the soil and at what depth the
roots draw water.

2. How DifFicult is it to Access Water? (Soil Tensiometers): It is not enough for water
to be present in the soil; it is also important how easily the plant can access that water.
In clayey (heavy) soils, water molecules cling tightly to the soil, and the plant expends a
lot of energy (stress) to draw it up. Tensiometers measure the ‘suction force’ (negative
pressure) that the plant root must exert to draw up water. This is the most direct
indicator of the plant's drought stress.

Y
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| IRRIGATION TECHNOLOGIES

From Wild Irrigation to Smart Drip: Water Management

Seventy percent of the world's freshwater resources are used in agriculture, and
unfortunately, a large portion of this water is wasted through ‘flood irrigation’
(Flooding irrigation) methods. Turning a field into a lake means not only water loss, but
also soil salinisation, erosion, leaching of fertilisers, and plant roots rotting due to lack
of air.

The philosophy of smart irrigation is simple: give the plant water like a ‘medicine’,
exactly when it needs it and in millimetric doses. This system consists of three main
components:

1. Decision Mechanism (Brain): Data from soil sensors indicating ‘Moisture has fallen
below critical levels' is combined with meteorological data indicating ‘No rain
tomorrow’ in cloud-based software. Artificial intelligence makes the decision: ‘Irrigate
the third parcel for 45 minutes tonight.’

2. Communication Network (Nervous System): How will this command reach the
valves in the field? Laying kilometres of cable is expensive and difficult. Therefore, low-
energy, long-range wireless technologies such as ‘LoRaWAN’ or ‘RF (Radio Frequency)’
are used. This allows even a valve 10 kilometres away to be controlled from the centre.
3. Action Mechanism (Muscles - Smart Valves): At the head of the water pipes in the
field are ‘Solenoid Valves' with a small antenna and battery box on top. When they
receive the wireless signal from the centre, they open automatically and close when the
time is up. The farmer does not need to go to the field at midnight to open the valve.
(Advanced Level) Variable Rate Irrigation (VRI): It is used especially in large pivot
(centre-moving) irrigation systems. The system knows the map of the field (which areas
are sandy, which are clayey). As the machine turns in the field, it opens the sprinklers
more when passing over sandy (water-repellent) areas and closes them when passing
over clay (water-retaining) areas. Each square metre receives special treatment.

youth in



H0SeE @ & & Erasmus+ [l oo ai oo

Fundacja Rozwoju Systemu Edukacji Enriching lives, opening minds. of the European Union

ON AND AUTOMATIC STEERING

The Secret to Driving Straight as an Arrow in the Field: The Foundation of Precision
Farming

Driving a huge tractor with extensive equipment attached behind it for hours in the
field is not as easy as it looks from the outside. Even the most skilled operator gets
tired and loses focus. Missing the steering wheel by just 10 centimetres can cause major
problems at the end of a field covering hundreds of acres.

Two types of errors occur:
1.0verlap: Passing over an area that has already been worked, fertilised or sprayed.
This means 10-15% unnecessary waste of seed, fertiliser and fuel.
2.Skip: Leaving a thin, unworked strip between two rows. Crops in these areas remain
weak or become overgrown with weeds, reducing yield.
The solution is to bring space technology into the tractor cab.

What is RTK-GPS (Real-Time Kinematic)? The standard GPS in your mobile phone
locates you with an error margin of approximately 3-5 metres. This is sufficient for
directions in the city, but it is disastrous in agriculture. In an RTK system, a fixed ‘Base
Station’ is set up at the edge of the field. This station calculates the atmospheric
deviations of the signal coming from the satellite and sends a ‘correction signal’ to the
receiver on the tractor. The result? The tractor's position is determined with 2
centimetre accuracy.

Auto-Steer: This precise position data is transmitted to the tractor's steering system
(either a motor attached to the hydraulic system or the steering wheel). The operator
brings the tractor to the head of the field, draws the Ffirst straight line by setting an ‘A’
point and a ‘B’ point, and presses the button. They can now release the steering wheel.
The system manages the tractor by drawing perfect parallels to that first line. The
operator only intervenes at turns and monitors the operation of the rear equipment. It
is possible to work with surgical precision even in the dark of night, in fog or in heavy

dust.
=
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IOUS MACHINES AND ROBOTICS

The Silent Revolution in the Field: Driverless Workers and Robot Fleets

The agricultural sector faces a global crisis: a lack of labour. The rural population is
ageing, young people are migrating to cities, and the number of people willing to work
in the demanding physical conditions of agriculture is rapidly declining. Furthermore,
people get tired, make mistakes, need meal/toilet breaks, and can only work during the
day.

The solution to this problem is to transform agriculture into a 24/7 ‘open-air factory'.
Autonomous machines and robotic systems are taking over the heavy, dangerous, and
repetitive tasks in the field.

1. Autonomous Tractors (Driverless Giants): These are ‘smart’ versions of the tractors
we are accustomed to. In fact, the latest models no longer even have a driver's cab.

e How do they see? Just like autonomous cars; they map their surroundings in 3D
using Lidar (laser radar), radar and high-resolution cameras. When a person, animal
or large rock appears in front of them, they detect it and stop safely.

e How do they work? The farmer selects the field map and the task to be performed
(e.g., ‘plough this field to a depth of 20 cm’) from their tablet. The tractor calculates
the most efficient route and works non-stop until the job is done. An operator can
manage up to five autonomous tractors simultaneously from their tablet.

2. Task Robots (Small and Agile Fleets): Huge tractors crush and compact the soil,
which reduces yield. In the agriculture of the future, instead of these giants, we will see
smaller but numerous (fleet/swarm) robots.
o Examples: Small planting robots that move between rows, precision feeding robots
that only deposit fertiliser at the base of the plant, or reconnaissance robots that
patrol the field 24/7 searching for diseases.
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-GUIDED WEED ROBOTS

Chemical-Free Warfare: Precision Cleaning with the Power of Light

One of the greatest dilemmas in modern agriculture is weed control. Weeds compete
with crops for water, fertiliser and sunlight, significantly reducing yields.

e Conventional Solution: Spraying chemical weed killer (herbicide) over the entire
field. This is easy but poisons the soil, contaminates groundwater, destroys
biodiversity, and causes some weeds to develop resistance to these chemicals.

e Organic Solution: Manually removing weeds by hand or with mechanical hoes. This
is very expensive, slow, and it is difficult to find enough workers.

Technology solves this dilemma at the speed of light: Laser Weeding Robots.

These robots represent one of the most advanced applications of artificial intelligence
and robotics in agriculture. The process works as follows:

e Recognition (Eye): As the robot moves through the field, high-speed, high-
resolution cameras underneath it take dozens of photographs per second.

o Analysis (Brain): A powerful artificial intelligence (Computer Vision) model analyses
these images in milliseconds. It recognises the plant by its leaf shape, colour and
texture: ‘This is a lettuce seedling (Friend - Keep)’, ‘This is a weed (Enemy - Destroy)'.

o Destruction (Weapon): The moment the system detects an enemy, a robotic mirror
system focuses a high-energy laser beam with millimetre precision directly onto the
weed's growth centre (meristem tissue). A short laser pulse causes the weed's
cellular structure to burst, and the weed withers.

Result: Not a single drop of chemical touches the soil, there is no moisture loss because
the soil is not tilled, and no harm comes to the crop. It is a game-changing technology
for organic farming.

5
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| TURAL DRONES (UAVs)

The Air Force of the Field: Intervention from the Sky

Drones (Unmanned Aerial Vehicles - UAVs) are not ‘hobby’ toys for agriculture. They are
one of the most strategic and powerful machines in the farmer's toolbox. Agricultural
drones come into play as the ‘air force,’” especially in situations where it is difficult or
impossible for tractors or people to enter.

We can examine agricultural drones in two main categories: Observers (which we will
cover on the next page) and workers (operational drones).

Operational (Agricultural Spraying/Spreading) Drones: These are powerful machines,
usually multi-rotor (octocopter, hexacopter), carrying large liquid tanks (from 10 to 50
litres) and spray nozzles underneath.

Why Drones Instead of Tractors?

1.No Access Issues: After rain, when fields turn into muddy swamps, tractors cannot
enter and get stuck. When crops grow too tall (e.g., corn), tractors crush them. If
your land is too steep, tractors cannot operate. None of these are issues for drones;
they can reach anywhere from the air.

2.Downwash Effect: When drone propellers are operating, they create a very
powerful airflow beneath them. The pesticide droplets emitted from the nozzle
combine with this wind and are sprayed onto the Ffield like a ‘mist’. This powerful
airflow shakes and flips the plant leaves. Thus, the pesticide adheres not only to the
top of the leaf but also to the underside, where diseases and harmful insects hide. It
is much more effective than tractor spraying.

3.Savings: In tractor spraying (turbo atomiser), a large amount of water is used to
carry the pesticide (20-40 litres per decare). With drones, however, ‘Ultra Low
Volume' (ULV) spraying is performed. The pesticide is broken down into very small
droplets and used sparingly (1-2 litres of water per decare). This provides water
savings of up to 90% and pesticide savings of up to 30%.
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'ISPECTRAL IMAGING

Title: Seeing the Hidden Language of Plants: Early Diagnosis Saves Lives

What does a farmer see when he looks at his Field? If he is lucky, he sees endless
greenery and says, ‘Everything is fine." However, the human eye is limited; we can only
perceive the visible light spectrum (Red, Green, Blue - RGB).

Yet, when plants are under stress (when they are dehydrated, when a disease begins, or
when they suffer from nutrient deficiency), they begin to emit signals that the human
eye cannot yet detect. The amount of chlorophyll in their leaves changes, their cell
structures deteriorate, and the way they reflect light differs. By the time these changes
become visible (when the leaves turn yellow or dry out), it is often too late, and yield
loss has already occurred.

Smart farming aims to detect disease before symptoms appear. The tool for this is
multispectral cameras.

How do they work?
These special cameras, mounted on drones or satellites, record not only visible light but
also the ‘Near-Infrared (NIR)’ light band, which is invisible to the human eye.
e Healthy Plant: Absorbs visible light (especially red) during photosynthesis, but
strongly reflects near-infrared light to avoid overheating.
o Stressed Plant: Photosynthesis slows down, absorbs less red light, and reflects less
infrared light due to damaged cell structure.

NDVI (Normalised Difference Vegetation Index): Software compares these different
light bands from the camera using a formula (roughly: the difference between NIR and
red light). The result is a ‘Health Map’ of the field.
o Dark Green Areas: The plant is very healthy, with dense biomass.
e Yellow/Orange Areas: The plant is stressed. Problems are beginning. It should be
checked.
e Red Areas: The plant is dying or there is no plant in that area (bare soil).

This allows the farmer to solve the problem early on by going only to the problematic
areas on the map (pinpointing) instead of randomly walking around the entire field.




T0SE @ & & . Fesmust [ERCSES.

Fundacja Rozwoju Systemu Edukac)i Enriching lives, opening minds. of the European Union

NHOUSES AND CLIMATE CONTROL

Bio-Factories Creating Their Own Climate: Fully Controlled Agriculture

Open-field farming is a risky gamble with nature. Hail can destroy an entire crop
overnight, a sudden frost can burn flowers, and extreme heat can dry out fruits. The
farmer's ability to intervene in these external factors is very limited.

Greenhouses (protected agriculture) are an effort to manage this risk.

However, modern ‘Smart Greenhouses' go far beyond a simple plastic cover. They are
massive ‘bio-factories,’ isolated from the outside world, where optimal conditions for
plants are provided by engineering marvels. The goal here is not to fight nature, but to
create a simulation of a ‘perfect nature’ inside.

The heart of a smart greenhouse is the Integrated Climate Control System. This system
continuously collects data from hundreds of sensors (temperature, humidity, CO2, light
intensity, wind speed, rain sensor) placed inside and outside the greenhouse and
autonomously manages the greenhouse's equipment based on this data:
1.Ventilation (Lungs): When the interior becomes too hot or humid, the system
opens the roof or side windows by millimetres using motors. If there is a storm
outside, it automatically closes the windows to protect them.
2.Heating and Cooling (Thermostat): On cold nights, it circulates hot water through
heating pipes. On very hot days, it cools the environment by activating ‘fan-pad’
systems (cooling by passing air through wet pads) or fogging systems.
3.Light Management (Sunglasses): If the sunlight is too strong and there is a risk of
burning the plants, it filters the light by automatically pulling down shade curtains
(thermal screens). If there is insufficient light, it activates artificial lighting.
4.CO2 Fertilisation (Nutrition): Plants need carbon dioxide (CO2) for photosynthesis.
If CO2 is depleted in a closed greenhouse, photosynthesis stops. The system
measures this and, when necessary, increases yield by supplying pure CO2 gas.

Result: Growing tomatoes in spring-like conditions indoors while a snowstorm rages
outside. Standard, high-quality, uninterrupted production year-round.
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AL FARMING AND URBAN FARMS

Taking Agriculture to the Third Dimension: A Sunless and Soil-Free Future

The world population will approach 10 billion by 2050, with 70% of that population
living in cities. Current agricultural land is insufficient to feed this population, and
transporting Food from fields thousands of kilometres away to cities (logistics) creates
significant costs, waste, and carbon emissions.

The solution is to free agriculture from the ‘horizontal’ constraints of land and move it
to the ‘vertical’ dimension, i.e., into cities. Vertical Farming is agriculture carried out in
stacked shelves in the basements of skyscrapers, old warehouses, or shipping
containers.

In these systems, nature's two fundamental components (sunlight and soil) are
replaced by the power of technology:

1. Artificial Sun (LED Lighting): There is no sunlight in a closed warehouse. Instead,
special LED Ffixtures are used that provide the light wavelengths (spectrum) most
needed by plants for photosynthesis. Plants do not use green light much, so these
facilities are usually illuminated with a purple/pink light (a mixture of red and blue
light). These special lights are much more energy efficient than the sun and accelerate
plant growth. With 24-hour lighting, the plant can grow continuously without ever
‘sleeping’.

2. Soil-free Methods (Hydroponics and Aeroponics): Soil is merely a resting place and
nutrient reservoir for the plant. In these systems, soil is eliminated.

e Hydroponics: Plant roots are suspended in a continuously flowing water solution
containing all necessary minerals.

e Aeroponics (Mist Cultivation): This is the most advanced technology. The roots of
the plants are suspended in the air. Nutrient-rich water vapour (mist) is sprayed
onto the roots at specific intervals (e.g. 30 seconds every 5 minutes). The roots
receive maximum access to water, nutrients and oxygen. This method uses 95% less
waterthan traditional farming.

Vertical farming can increase yield per square metre by 100 times, eliminate pesticide
use and redefine ‘freshness’ by producing food where it is consumed.
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ESTOCK TECHNOLOGIES

Managing ‘That’ Cow, Not the Herd: The Internet of Animals

Agricultural technologies are not limited to plant production. Livestock Farming,
especially dairy and beef cattle farming, is one of the areas where technology is most
intensively used. Consider a modern dairy farm with 500 head of cattle. It is impossible
for a Farmer to visually monitor the health, psychology and productivity of each animal.
In the traditional method, ‘average’ care is applied to the herd. Sick animals are only
noticed when they collapse or when milk production drops significantly, which is usually
too late.

Smart livestock farming (Precision Livestock Farming - PLF) is a shift from herd
management to ‘individual management’. It makes it possible to give each animal
special attention through technology.

Wearable Technologies (Smart Collars, Earrings, Pedometers): These sensors,
attached to the cow's neck, ear or foot, work like smart watches or activity trackers
used by humans. They map the animal's behaviour 24/7:

o Health Monitoring: A healthy cow eats for a certain amount of time each day, lies
down for a certain amount of time, and most importantly, ‘ruminates’ (bringing
food from its stomach back into its mouth to chew again). Ruminating is the most
important indicator of cow health. When an animal begins to fall ill, its rumination
time decreases 1-2 days before any external symptoms appear. The sensor detects
this and sends a warning to the farmer's phone saying, ‘There is a problem with cow
number 145, have the vet check it.' Early intervention saves lives and reduces
medication costs.

o Heat (Reproduction) Monitoring: For the continuity of dairy farms, cows must
conceive and calve regularly. When cows enter their ‘heat’ (oestrus) period, their
behaviour changes; they become much more active and mount other cows.
Pedometers detect this sudden increase in activity and notify the optimal time for
insemination. This significantly increases pregnancy rates.

In addition, robotic milking systems scan the cows' udders with lasers and perform
automatic milking, while simultaneously analysing the quality of the milk (fat, protein,
somatic cell count - an indicator of udder health) in real time.
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NAGEMENT SOFTWARE (FMS)

The Digital Cockpit of Operations: Creating Order from Chaos

Imagine for a moment that you are on a modern farm: Data on humidity and
temperature is pouring in every minute from hundreds of sensors underground. The
weather station reports wind direction. Drones have mapped the field's disease
patterns. Tractors send GPS data. Health signals come from the cows' collars in the
barn.

How can a human brain process terabytes of data from so many different sources and in
different formats? The farmer, armed with a notebook, is drowning in this flood of data.
This is where the ‘Digital Brain’, which integrates the entire hardware ecosystem, comes
into play: Farm Management Software (FMS).

FMS is a fFarm's ‘operating system’. It collects all scattered data on a single central
platform, processes it, visualises it, and converts it into meaningful reports. It is the
farmer's or farm manager's ‘digital cockpit'.

What Can You Do with FMS?

1.Asset Mapping (Digital Twin): The boundaries of all your fields, soil types, and
what has been planted in the past are recorded on the map. It is like a virtual copy
of your field.

2.0peration Planning and Tracking: You create the command ‘Tomorrow, apply this
amount of fertiliser to plot number 5'. This command is sent as a task to the
autonomous tractor's system or to the worker's mobile application. When the task
is completed, it is marked as ‘Completed’ in the system. A record is kept of who did
what and when.

3.Integrated Decision Support: It combines the ‘Watering needed’ alert from the
sensor with the ‘Disease present’ map from the drone. It provides you with not just
raw data, but actionable advice such as ‘Water this area but also add this fungicide’.

4.Financial Management: Automatically records the cost of every seed sown and
every litre of diesel used. At harvest time, it provides you with an analysis showing
‘You made this much profit from this parcel and incurred this much loss from that

one.

FMS transforms farming from an ‘intuitive’ task into a data-driven, measurable, and
manageable ‘industrial operation’.

@

T
&

I[® A [i S

@ el 8 B

youth in



F0Se @i\ @ P Erasmus+ - i T

Fundacja Rozwaju Systemu Edukac)i Enriching lives, opening minds. of the European Union

LIGENCE AND IMAGE PROCESSING

Beyond the Human Eye and Mind: Super Intelligence in the Field

Collecting data is only the First step. The real value lies in extracting ‘insight’ and
‘decisions’ from that data. However, data in agriculture is so complex and voluminous
that traditional statistical methods or human analysis Fall short. This is where Artificial
Intelligence (Al), which can learn and make decisions like a human (or even better),
comes into play.

One of the most powerful applications of Al in agriculture is Computer Vision
technology.

How does it work?
An Al model is shown thousands of photographs of, say, 100 different diseases
affecting tomato plants. It is also shown thousands of photographs of healthy leaves.
The Al learns by analysing the patterns (spot shape, colour, texture) in these
photographs. After a while, it acquires the diagnostic skills that an agricultural engineer
would take years of experience to learn.
Field Application: A farmer or a robot takes a photograph of a suspicious-looking leaf in
the field. This photo is sent to the Al model in the cloud. The Al analyses the photo in
milliseconds and returns a result like this:

o ‘Diagnosis: Early Blight of Tomato (Alternaria solani)’

e 'Confidence Level: 98.5%'

e 'Recommended Action: Use this active ingredient or take this cultural measure.’
This technology puts the knowledge of an expert agricultural engineer into the pocket
of a farmer in the most remote corner of the world. It prevents misdiagnosis and
incorrect pesticide use.
Al also uses Predictive Analytics to analyse weather, soil data, and historical yield
records to make complex predictions such as ‘What will the harvest be next month?’ or
‘When will the disease risk peak?’ (Predictive Analytics).

N7
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) TRACEABILITY (BLOCKCHAIN)

An Unbreakable Chain of Trust from Field to Fork: The Story of What We Eat

The biggest crisis in the modern food system is the ‘trust’ crisis. A package you pick up
at the supermarket may claim to be ‘Organic,’ ‘Natural,’ or ‘Locally Produced.’ But as a
consumer, how can you be sure these claims are true? Food fraud, counterfeiting, and
adulteration are unfortunately very common.

Consumers now want ‘proof,’ not just ‘promises.’ They demand transparency
throughout the long and complex journey of food from farm to fork.

The most secure technological way to ensure this transparency is Blockchain
technology. Don't think of Blockchain as just something related to cryptocurrencies. At
its core, it is a ‘distributed, encrypted, and immutable digital ledger’.

How Does Blockchain Work in Food?
Every step in a product's life cycle is recorded as a ‘block’ in this ledger and
cryptographically chained to the previous step.
1.Block 1 (Field): When the farmer sows the seed, the seed's certification
information, sowing date and field location are recorded.
2.Block 2 (Cultivation): Data from sensors in the field indicating ‘no chemical
pesticides were used’ or information about the organic Ffertiliser used is
automatically added to the chain.
3.Block 3 (Harvest and Logistics): When the product enters cold storage after
harvesting, temperature sensors record data proving that the cold chain has not
been broken. It is clear which lorry it was transported in and when it departed.
4.Block 4 (Retail): The product arrives on the supermarket shelf.

Result: As a consumer, you scan the QR code on the product in the supermarket with
your phone. What appears is not a marketing story, but the product's immutable,
verified life story on the blockchain. You can see which farmer produced it, when it was
harvested, and whether it is truly pesticide-free.

This protects farmers who produce well, pushes fraudsters out of the system, and gives
consumers the trust they deserve.
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ISION AND SOURCES

Where Are You in This Ecosystem? Building the Agriculture of the Future

Throughout this comprehensive section, we have taken an in-depth look at the
hardware and software ecosystem that is transforming agriculture from a traditional
occupation dating back thousands of years into a high-tech industry.

From sensors that hear the whisper of roots beneath the soil to drones that perform
millimetre-precise spraying from the sky; from laser-guided robots working silently in
the Fields to vertical farms producing crops without sunlight in city centres, this
spectrum of technology is no longer a science fiction scenario but today's reality.

We must understand this clearly: none of these technologies are designed to ‘eliminate
the farmer’ or ‘make humans redundant’. On the contrary, the aim is to transform the
farmer into a data-empowered ‘Super-Farmer’, a ‘Technology Manager'. In a world with
zero margin for error, scarce resources, and a constantly changing climate, these tools
are the key to survival and sustainable production.

Now the question is: Where will you Fit into this vast ecosystem?
e Areyou an engineer designing and manufacturing these smart machines?
e Areyou an integrator installing and managing these systems on farms?
e Or are you a new generation producer breaking productivity records using these
technologies?
The Future will be shaped by those who bring technology to the land.

To access our much more comprehensive knowledge base, which contains the technical
details of each technology discussed in this section, current brand and model examples
on the market, installation guides, and success stories (case studies), please use the link
below. Your learning journey does not end here; it continues to deepen.

https://www.youthinagritech.com

o

Technology in Agricuiture
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2

DIGITAL AGRICULTURE /
PYRAMID wisoon;
(DIKW)

DECISION /

The Mind of the Field: Turning Data into Wisdom

For thousands of years, agriculture remained an ‘intuitive’ art. A farmer would look at
the colour of the sky, smell the wind, crumble the soil in his hands, and make a decision
based on his experience: ‘It looks like it will rain tomorrow, I'll postpone watering.’ This
experience was invaluable, but it is no longer sufficient in the face of the uncertainties
and rising costs created by the climate crisis.

With Agriculture 4.0, the ‘age of intuition’ is ending and the ‘age of data’ is beginning.
The sensors we installed in the field in the previous section, along with drones and
satellites in the sky, are producing data non-stop every second.
e Soil Sensor (14:00): ‘Moisture level in the root zone has dropped to 18%,
temperature is 24°C.’
e Drone (Yesterday): ‘Chlorophyll density is low in the southern corner of parcel
number 4.
e Weather (Tomorrow): ‘Wind will blow from the north at 15 km/h, with a 10% chance
of precipitation.’

This is a huge pile of data that one person cannot handle alone (Big Data). However, raw
data alone is meaningless. The farmer does not need the figure ‘Moisture 18%’, but
rather the answer to the question ‘Should | start watering now, or leave it until
tomorrow?’
This is precisely the task of the software: to process the raw data and convert it into a
clear action plan that the farmer can implement. We call this the Digital Agriculture
Pyramid (DIKW):

1.Data: Raw numbers measured by the sensor (24°C).

2.Information: Context of the data (The air is 5°C warmer than yesterday).

3.Knowledge: Agricultural expertise (Mildew spores wake up at this temperature and

humidity).

4.Wisdom/Decision: Action (Spray fungicide!).
N7
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Paradigm Shift: From Intuitive Farming to
Computational Farming

Throughout human history, agriculture has
largely been an intuitive discipline. Farmers have

made decisions based on generations of INTUITIVE FARMING
(Traditional Paradigm)

experience, the colour of the sky, the direction

of the wind, and the texture of the soil. This tacit £ s
knowledge is undoubtedly valuable; however, in AT
the face of chaotic weather conditions caused by ST ) o

the climate crisis, rapidly increasing population S 7 Limited
pressure, and dwindling resources, human o, [
intuition no longer has sufficient data processing
capacity. The human brain cannot
simultaneously calculate and optimise millions
of variables in the field (humidity, temperature,
pH, nitrogen cycle, market prices, logistics costs).
It is at this point that agriculture ceases to be a
craft and becomes a Computational Science.

Al & Data Real-Time
Analytics 1 Insights

At the heart of this transformation lie Data
Analytics and Artificial Intelligence. Fields are no
longer just areas for biological production, but

also open-air factories producing massive data FANLRD = == 7 g N SS
K : ) Precision & Predictive
sets. Every byte of data flowing from sensors, S Agriculture Modsling §

every pixel image from satellites, and every line
in market reports is raw material waiting to be
processed. The technologies we will explore in
this section manage the alchemical process that
transforms this raw material, converting Data
first into Information, then into Knowledge, and
ultimately into actionable Wisdom. For young
agricultural leaders, understanding these
technologies means not just using a productivity
tool, but deciphering nature's complex language
with mathematical models. While the traditional
farmer says it looks like rain, the new generation
farmer can say according to satellite data, there
is @ 95% chance of 15mm of rainfall per square

metre within 3 hours.
= :l /7
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The Two Faces of Artificial Intelligence: Predictive and Generative Models

There are two fundamental Artificial Intelligence architectures that are often confused
in the agricultural technology literature. Understanding this distinction is critical to
determining which tool to use for which problem.

Predictive Artificial Intelligence: These systems operate on the principle of ‘pattern
recognition’. They learn from past data to calculate Future probabilities. For example,
when you feed a Neural Network model with 20 years of meteorological data, soil
analyses, and disease outbreak dates, the system discovers the hidden correlations
between these data sets. It reveals complex relationships that the human eye cannot
detect, such as ‘mildew disease begins 3 days later when the night temperature drops
below 18 degrees and the humidity rises above 85%." As a result, it provides the farmer
with a statistical prediction such as, ‘When the air temperature is 22°C and humidity is
85%, the risk of mildew disease within 3 days is 92%." This technology is used to
manage uncertainty, minimise risk, and take protective measures (proactive farming).
Generative Artificial Intelligence: The second and newer category is Generative
Artificial Intelligence technologies. Large Language Models (LLMs) such as ChatGPT,
Claude, or Gemini fall into this class. While predictive artificial intelligence derives a
result from existing data, Generative Artificial Intelligence creates ‘new content’. These
systems have been trained on vast amounts of agricultural literature, academic papers,
technical reports, and successful case studies. As a result, they can reason like an
agricultural engineer, develop solution strategies for complex problems, perform data
analysis by writing Python code, or design a marketing campaign for a product. In
agriculture, Generative Artificial Intelligence is not just a calculator; it takes on the role
of a 'Digital Advisor’ who walks alongside you at the edge of the Ffield, knows
everything, is constantly learning, and can converse with you in natural language. This
represents the democratisation of knowledge, particularly for farmers in rural areas
with limited access to expert agricultural engineers.

PREDICTIVE Al GENERATIVE Al
(FORECASTING & ANALYSIS) " (CREATION & INNOVATION)
| &SNP ..
- .
HISTORICAL FUTURE + = . CREATIVE INPUT NEW CONTENT
DATA OUTCOMES « _ S = & PARAMETERS & SOLUTIONS

Pattern i b W £ Synthetic Data
Recognition il f Generation

Accelerated
Innovation

- :l /<
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Methodology Ffor Using Large Language Models (LLMs) in Agriculture: Prompt
Engineering

DIAGNOSIS &
— B TREATMENT PLAN

ocation, erop type,
= growth stage,
historical cata,

. SPECIFICITY

PREDICTIVE
MODELLING

DECISION
SUPPORT

D. CONSTRAINT

&

1. AGRICULTURAL DEFNING Pl 5. AGRICULTURAL
PROBLEM/QUERY sy vs.Optlons [stabiel. || ACTION/IMPLEMENTATION
guidelines. |
o A : J
2. PROMPT ENGINEERING 3. LARGE LANGUAGE 4. CENERATED INSIGHTS

(THE BRIDCE) MODEL [LLM) PROCESSING & SOLUTIONS

6. FEEDBACK & REFINEMENT LOOP

(o] Refine pts, Improve Model Accuracy.

Interacting with Generative Artificial Intelligence models is different from classic
software usage (click and run); this process is a ‘dialogue’ management.

The discipline that determines the quality of this dialogue is called Prompt Engineering.
In an agricultural context, in order to obtain technical and strategic prescriptions that
are applicable in the field, rather than superficial and general answers from artificial
intelligence, the commands (Prompts) given must have a certain structural depth and
context.

A simple question such as ‘When should | fertilise tomatoes?’ is insufficient input for
artificial intelligence, and the answer cannot go beyond encyclopaedic, general
information. A professional approach, however, begins by assigning a ‘Persona’ to the
artificial intelligence. For example: ‘You are a senior Agricultural Engineer specialising in
plant nutrition, with particular experience in soil-less farming (hydroponics).” This
prompt allows the Al to narrow its knowledge pool, focus, and speak in more technical
language.

Next, the ‘Context’ must be provided: "I am growing vine tomatoes in a 10-acre glass
greenhouse in the Antalya region, using a coco peat substrate. The plants are currently
in their third cluster stage, and the EC value in the drainage water is 2.5." These details
allow the Al to simulate your specific conditions rather than a general tomato Ffield.
Finally, a clear ‘Task’ and “Constraints” must be defined: ‘Prepare a weekly fertigation
(irrigation with fertilisation) programme that is suitable for these conditions, maintains
the potassium and calcium balance, and aims to improve fruit quality. Provide the
answer in a table format broken down day by day and specify the ppm values for each
element.’

Faced with such structured input, Generative Al will provide a mathematically calculated,
applicable prescription that takes into account the plant's phenological development,
substrate properties, and regional conditions, rather than providing general information.

This.is_ how young E

's largest knowledge library into their
personal assistant when they lack access$ to.expénsive consultancy services.

—
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From Data to Insight: Analytical Process Management

The ultimate goal of digitalisation in agriculture is not to collect data, but to gain
‘Insight’ from it. Raw data is nothing more than noise unless it is processed. A modern
agricultural operator must analyse data within a four-stage hierarchy.

Descriptive Analytics: This is the ‘What happened?’ question. Field sensors, weather
stations, and logbooks capture a snapshot of the past. ‘Last month, there was a total of
45mm of rainfall, the average temperature was 24 degrees, and fungicide was applied
three times." This stage builds the farm's memory and paints a clear picture of the
current situation.

Diagnostic Analytics: This is the ‘Why did it happen?’ question. When a problem such as
yield loss or disease occurs, past data is reviewed to find correlations. ‘Yields fell
because night-time temperatures unexpectedly dropped below 10°C during the
flowering period, which negatively affected pollination.’ This analysis identifies the root
cause of the problem and prevents it from recurring.

Predictive Analytics: This is the ‘What will happen?’ question. This is where machine
learning comes into play. The system simulates the future by looking at current trends
and historical data. ‘Based on current trends and weather forecasts, the harvest will be
15% lower at the end of the season.’ This stage gives the farmer the opportunity to see
the future and prepare accordingly.

Prescriptive Analytics: This is the ‘What should | do?’ question.

The system not only identifies the risk but also offers the best solution: ‘To prevent a
drop in yield, increase potassium fertilisation by 20% this week and increase the
frequency of irrigation.’ The goal for young entrepreneurs is to take their businesses to
this fourth level, i.e., to establish a proactive (predictive and managing) structure rather
than a reactive one.

DESCRIPTIVE DIAGNOSTIC PREDICTIVE | PRESCRIPTIVE
ANALYTICS ANALYTICS ANALYTICS ANALYTICS

What happened? Why did it happen? What will happen? What should | do?

2@

Snapshot of the past. Finding correlations. Simulating the future. Offering solutions.
e.g., "Last month: 45mm e.g., "Yield loss due to e.g., "Harvest predicted e.g., "Increase potassium
rainfall, 24°C average night temperatures to be 15% lower based fertilization by 20% and

temperature.” dropping below 10°C." on forecasts.” | irrigation frequency.”
- - ~ - ; - s
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Applied Computer Vision and Remote Sensing

Image Processing and Computer Vision are the ‘eyes’ of artificial intelligence in
agriculture. This technology analyses wavelengths of the electromagnetic spectrum that
are invisible to the human eye (Infrared, Thermal, etc.), gathering in-depth information
about the plant's biochemical processes.

The NDVI (Normalised Difference Vegetation Index), used in satellite technology, is the
most basic example of this. A healthy plant absorbs visible light (especially red) while
photosynthesising and strongly reflects near-infrared light (NIR). In a stressed,
dehydrated, or diseased plant, this reflection ratio changes. Satellites or drones
equipped with multispectral cameras measure this ratio to generate a ‘Health Map’ of
the field. For a young farmer, reading this map is like conversing with the field. The
yellow areas on the map are the plant's cry of ‘I am thirsty here’ or ‘I cannot find
nutrients here.’ This technology reduces both pesticide and fertiliser costs and protects
the environment by enabling intervention only in the problematic area (Variable Rate
Application - VRA) instead of spraying the entire field indiscriminately.

On a more micro scale, smartphone cameras are becoming laboratory microscopes.
Mobile applications trained with Deep Learning can diagnose whether a millimetre-sized
spot on a leaf is a fungus, a bacterium, or a virus with over 95% accuracy based on its
shape, colour, texture, and spread pattern. This is a revolutionary opportunity for
producers in rural areas who cannot access specialist agricultural engineers or
laboratories; it reduces the diagnosis time from days to seconds.

yal /1
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Future Vision: Autonomous Agricultural Agents and Hyper-Automation

The pace of advancement in artificial intelligence technologies will take us beyond
‘Chatbots’ in the near future, into the era of ‘Autonomous Agents’. Today, we ask
artificial intelligence a question and apply the answer ourselves; tomorrow's
autonomous agents will be systems that can take initiative to achieve given goals, use
different tools (APIs, robots) and manage processes end-to-end.

From Operator to Supervisor: Strategic Goal Setting

PRECISION INDUSTRY:
Maximized Productivity &

 STRATEGIC OBJECTIVE: | METEOROLOGICAL Sustainability, Minimized Error
RPdu e Wat b N AP| DATA =

BIOLOGICAL PROCESSES OPTIMIZED

ROBOT WITH DIGITAL ALGORITHMS
FLEET ROUTE - )

PLANNING &

SOIL SENSOF‘!- " ' EXECUTION FUTURE READINESS: |

Understanding
READINGS : ART IRRIGATION
N( ~ CADA) CONTROL Architecture & Ethrcs

In this scenario, the farmer will only provide the system with a strategic objective:
‘Reduce water consumption by 20% in tomato production this season while maintaining
yield and optimising costs." Receiving this command, the Autonomous Agent will
connect to meteorological APIs to monitor weather conditions in real time, read soil
sensors to calculate the plant's water requirements, manage the irrigation automation
system (SCADA) to open and close valves at the most appropriate times, analyse
satellite data to plot a route for the Fertilisation robot, and execute this entire process
without human intervention. The human role will evolve from ‘Operator’ to
“Supervisor”. In this new era, agriculture will transform into a ‘Precision Industry’ where
biological processes are optimised with digital algorithms, error margins are minimised,
and productivity and sustainability are maximised. Preparing young people for this
future requires not only learning how to use the technology, but also understanding
the architecture, ethical rules, and management strategies of these autonomous
systems.

bal /
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Practical Application: YouthinAgriTech Al Module User Guide

After grasping the theoretical foundations of digital transformation in agriculture and
the potential of artificial intelligence, it is now time to learn how to harness this power
on your own farm. The YouthinAgriTech platform offers two powerful artificial
intelligence tools that you can access with just a few clicks, without the need for
complex coding knowledge: Al Chatbot and Smart Analysis. This section explains step
by step how to use these tools as digital agricultural advisors.

Accessing the Platform and Getting Started To use the artificial intelligence tools,
you must first go to www.youthinagritech.com and click on the ‘Al option in the main
menu. As an important security and personalisation step, only logged-in users can
activate these tools.

Al CHATBOT

- T wewyouthinagritech.com =
Menu Al | Advisors a
OGIN

|
k LOGIN REQUIRED
[l e ] &
—— gt

Digital Advisor

SMART ANALYSIS

&

Data Insights

A. Al Chatbot: Your 24/7 Digital Advisor

The Al Chatbot is an assistant with natural language processing capabilities that
instantly answers your agricultural questions. It answers not only general questions but
also specific questions in areas such as technology, education, and innovation.

How to Start? Click the ‘Chat With Bot’ button on the Al page to open a chat window.
Asking Effective Questions: Simply type your question into the chat box and press the
‘Send’ button. The assistant analyses your question and provides the most accurate
answer. Responses may be in Turkish, English, Hungarian or Polish.

o Sample Questions: ‘What are smart irrigation systems?’, ‘What technologies increase
productivity in tomato cultivation? or ‘How is humidity controlled in greenhouse
management?’

Content Recommendations: The chatbot does not just provide text responses; it also
suggests direct links to the Education, Technology, or Innovation pages on the platform
related to your question. This feature guides you to more in-depth information on the
subject.

Chat Management: Your entire conversation history is saved throughout the session,
so you can refer back to previous recommendations. If you wish to move on to a new
topic, you can reset the page using the ‘Clear Chat’ button.

(X))
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Prepares a precise production recipe for your field
with prescriptive analytics logic.

1. DATA ENTRY

Land Size

@ Small (1-5 ha)

© Medium (5-20 ha)
() Large (20+ ha)

Climate Type
Continental
Mediterranean v
etc.

Crop Type
Wheat
Corn
etc.

=

L3 ANALYZE

3. RESULTS REPORT

Algorithms running...

Processing data (Estimated time: 3-20 seconds)

Irrigation Method

Most efficient method and timing
recommendation.

Sowing Time
Optimal sowing calendar for the climate.

Fertilization

Required nutrient types and quantities.
T4

Cost and Yield )
Estimated profitability and yield analysis.

Pest Control
Integrated pest management (IPM) methods.

Disease Management
Preventive and curative strategies.

Harvest Time
The moment the product is most valuable.

Storage
Conditions to prevent post-harvest losses.

= = — = N
Additional Recommendations
Tips and tricks to increase success.

\_k

i/

Minimize risks, increase efficiency. YouthInA?riTech Al module

is always by your side, your pocket agricu

tural engineer.

B. Smart Analysis Tool: Data-Driven Production
Planning

This tool goes beyond general recommendations and
prepares a pinpoint production recipe specific to your
land and product. It works with prescriptive analytics
logic.

Data Entry: When you click on the ‘Smart Analysis’
button, a form will open asking for three basic inputs:
1. Land Size: Specify the scale of your field (Small: 1-5
ha, Medium: 5-20 ha, Large: 20+ ha).

2. Climate Type: Select the climate conditions of your
region (Continental, Mediterranean, etc.).

3. Crop Type: Select the crop you plan to grow (e.g.,
Wheat, Maize).

Analysis Process: When you click the ‘Analyse’ button,
the system runs algorithms in the background and
processes the data in approximately 3-20 seconds.

Results Report: The system provides you with a
detailed report in 9 critical categories:

1. Irrigation Method: The most efficient method and
timing.

2. Sowing Time: The optimal calendar according to the
climate.

3. Fertilisation: Required nutrient types and quantities.
4. Cost and Yield: Estimated profitability analysis.

5. Pest Control: Integrated pest management
methods.
6. Disease Management: Preventive and curative
strategies.

7. Harvest Time: The moment when the product is
most valuable.

8. Storage: Conditions that prevent post-harvest
losses.

9. Additional Recommendations: Tips to increase
success.

By using these tools regularly, you can minimise risks
in your Field and increase productivity using scientific
methods. The YouthinAgriTech Al module is always by
your side as your pocket agricultural engineer.

_X_—l
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INTRODUCTION -°
OF AGRICULTURE

The Planet's Alarm is Ringing: Both Perpetrator and Victim

We are facing the greatest existential threat in human history: the Climate Crisis. And
the agricultural sector stands at the very centre of this crisis, in a paradoxical position.
1. Agriculture as the Perpetrator (Part of the Problem):
Traditional industrial agriculture is one of the main factors warming our planet.
Approximately 24% of global greenhouse gas emissions come from agriculture,
forestry and land use.

e Methane: Livestock (especially cattle) and rice production.

o Nitrous Oxide: Excessive use of chemical fertilisers.

e Carbon Dioxide: Deforestation to clear land for fields and excessive tillage of the

soil.

2. Agriculture as Victim (Victim of the Crisis):
The irony is that the sector most severely affected by climate change is agriculture
itself. Rising temperatures, changing rainfall patterns, more frequent and severe
droughts or floods... All of these are disrupting thousands of years of agricultural
calendars. According to estimates, by 2050, the yield of some staple crops (wheat,
maize) could fall by up to 30%.

The solution: Climate-Smart Agriculture
We cannot continue with old methods. Technology is the only way to reduce
agriculture's destructive impact on nature and adapt it to the changing climate. Smart
drip irrigation instead of wasteful irrigation, targeted intervention instead of random
spraying, solar energy instead of fossil fuels...

The mission of young farmers is no longer just to ‘produce’ but to ‘restore’
(Regenerative Aariculture).

Climate and Agriculture Cycle

Greenhouse = =N > Carbon
Gas Emissions Sequestration

N4/07 1,04 R
SRR O
Prgglijl:::eign / Clean Biodiversity

Water v £
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Every Drop Counts: The End of Wasteful Irrigation

Seventy percent of the world's available freshwater resources are consumed by
agriculture. And unfortunately, much of this water is wasted through a method called
‘wastefulirrigation’ (Flood irrigation), which turns fields into lakes. This is unsustainable
in an era where water scarcity is looming.
Smart fFarming technologies are initiating the ‘Blue Revolution':
1. Precision Irrigation:
The traditional farmer says, ‘It's hot today, I'll turn on the water,’ and typically
experiences over 50% water loss. In the smart system, however:

e The soil sensor says, ‘Moisture in the root zone has dropped to 20%.’

e The weather station says, ‘No rain is expected tomorrow.’

 Artificial intelligence decides, ‘At 3:00 AM tonight, give exactly 2.5 litres of water

so the plant does not experience stress,’ and implements it. Not a drop too little,
not a drop too much.

2. Variable Rate Irrigation (VRI):
No field is homogeneous. One end may have clay soil that retains water, while the
other end may have sandy soil that drains water. Huge pivot irrigation systems rotate
over the field, controlling each sprinkler (nozzle) individually. They look at the map,
reduce water flow when passing over clay soil, and increase it when passing over sandy
soil. This method alone achieves water savings of up to 30%.
Is Pesticide-Free Farming Possible? Precision Intervention

Pesticides (agricultural chemicals) are the most controversial aspect of modern
agriculture. They increase yields but poison the soil, kill beneficial insects, and
contaminate groundwater. Technology is solving this problem with ‘spot spraying’
instead of ‘blanket spraying'.
1. Spot Spraying:
In the traditional method, even if only 5% of a field has weeds, the tractor sprays the
entire field. This is a tremendous waste of chemicals and money.
Smart machines equipped with ‘See & Spray’ technology use high-speed cameras and
artificial intelligence to identify only weeds as they move forward. The nozzles open
and close in milliseconds only when they reach the weeds.

e Result: Only 5-10% of the field is sprayed instead of 100%. Chemical use is reduced

by over 90%.

2. Variable Rate Technology (VRT):
Fertiliser is also a chemical, and excess is harmful to nature. By applying less fertiliser
to Fertile (rich) areas of the field and more to infertile (poor) areas, the soil balance (N-
P-K) is maintained. This prevents excess nitrate from being washed away by rain and

— polluting groundwater (eutrophication).
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ORGA

Our GrandFfather's Principles, Our Grandchild's Technology
With reference to Ananda Marga's area of expertise

Organic farming is often perceived as an ‘old-fashioned, primitive, technology-free’
method. This is a major misconception. Organic farming requires more knowledge and
technology than conventional farming because it does not tolerate mistakes and there
are no chemical ‘shortcuts’. We call this Organic Farming 2.0.

Technological Organic Solutions:

1.Mechanical and Laser Weed Control: Chemical weed killers (herbicides) are
prohibited in organic farming. Weeding by hand is very expensive. The solution is
autonomous robots that roam the fields. These robots identify weeds using their
cameras and then eliminate them by uprooting them with mechanical arms or
burning them with laser beams. No chemicals, no labour issues.

2.Biological Control Drones: Instead of chemicals, natural predators are used to
combat harmful insects. For example, ladybird larvae are used to eat aphids.
Special drones release capsules containing the eggs of these beneficial insects into
the exact areas of the field where they are needed.

3.Digital Traceability and Trust: Obtaining organic certification is difficult. Blockchain
technology Ffacilitates the certification process and ensures consumer trust by
keeping a transparent and immutable record of every organic fertiliser applied to
the field and every operation performed.

_X_—l
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Soil-Improving Technology: Regenerative Agriculture

Soil is not just an inanimate material that keeps plants standing. It is a living, breathing,
vast ecosystem inhabited by billions of bacteria, fungi, worms, and microorganisms.
The foundation of sustainable agriculture is protecting this ecosystem.

1. Preventing Soil Compaction (Robot Swarms):

Huge, heavy tractors crush and compact the soil (compaction) as they move across the
field. Roots cannot grow in compacted soil, and air and water cannot circulate.

e Solution: ‘Swarm Robotics’. Instead of one large tractor in the field, 10 small,
lightweight robots work. They do not compact the soil and consume less energy.

2. Carbon sequestration:
Soil is one of the world's largest carbon stores. Continuously tilling the soil (ploughing)
causes the carbon within it to be released into the atmosphere as COa:.

e Solution: ‘No-Till' farming. How does technology come into play here? Satellite
analyses and advanced sensors measure and model how much carbon the soil
holds. When Farmers use these methods that lock carbon into the soil, they digitally
prove it and earn additional income by selling ‘Carbon Credits'.

Other Guests in the Field: Listening to the Ecosystem

A sustainable farm is not a ‘green desert’ where only one crop (monoculture) is grown.
It is a living ecosystem where birds, bees, butterflies, and beneficial insects also thrive.
The higher the biodiversity, the more resilient the farm is to diseases and climate
shocks.

Technology allows us to monitor these silent guests:

1. Smart Hives and Bee Tracking:

Without bees, there is no pollination; without pollination, agriculture ceases. Smart

hive sensors monitor the hive's internal temperature, humidity, the buzzing frequency

of the bees (a stress indicator), and the hive's weight (honey production). A decline in

bee health is an early indicator of an environmental issue (e.g., incorrect pesticide use).

2. Acoustic Monitoring (Sound of Nature):

Special microphones placed in different locations in the field listen to the environment

24/7. Artificial intelligence analyses these sound recordings. It distinguishes between

the types and intensity of bird chirps and the buzzing of insects. It calculates the field's

‘biodiversity score’.

o Example: The system may issue a warning such as, ‘The sound of beneficial

predatory insects in your field has decreased; the harmful population may be
increasing, so reconsider spraying.’
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ENERGY EFFICIENC

Farms that Produce their Own Energy: From Fossil Fuels to Solar

Traditional agriculture is dependent on fossil fuels (diesel, electricity). It is both costly
and increases carbon emissions. Sustainable agriculture aims for energy independence.

1. Agrivoltaics (Agriculture + Photovoltaics):
This is the method of ‘getting two products from the same land’: Food and Electricity.
Special solar panels that partially allow sunlight to pass through are installed above the
field, elevated off the ground.
e Above: The panels generate electricity from the sun.
e Below: Plants (especially vegetables and grapes that prefer shade or need
protection from excessive heat) grow in the shade of the panels. Shading reduces
water evaporation, lowering the need for irrigation.

2. Electric and Autonomous Tractors:

Noisy, smoke-emitting diesel tractors are being replaced by quiet, exhaust-free, high-
torque electric tractors. These machines can be charged using your own electricity
generated by solar panels in the field or a biogas plant. Energy costs approach zero.

o)
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No Waste, Only Resources: Circular Economy

In nature, there is no such thing as ‘waste.” One organism's output is another's input.
Circular agriculture applies this principle to the farm. The aim is to move away from the
‘take-make-dispose’ linear model and create a model where resources continuously
circulate within the system.

Technology-Supported Cycles:
1.From Waste to Energy (Biogas): Animal manure and plant waste are processed in
biogas plants and converted into electrical and thermal energy. Sensors optimise
the fermentation process (temperature, pH, gas production) in these plants to
maximise energy output.
2.Smart Compost: Plant waste is converted into high-quality organic fertiliser in
compost piles monitored by sensors. Sensors monitor moisture and temperature,
alerting the system when mixing or watering is required.
3.Cyclical Water Use: Excess water not used by plants in the greenhouse (drainage
water) is analysed by sensors, cleaned, supplemented with missing nutrients, and
returned to the system. Water waste is close to zero.
The technology tells the farmer, ‘Don't throw this waste away, it's your free fertiliser
or electricity,” and shows them how to do it.

Resilience to a Changing Climate: Adapt or Perish

The weather is no longer what it used to be. Heatwaves, floods, hailstorms or frost
events that were once considered ‘once in a century’ occur now every few years.
Agriculture must adapt to this new and harsh reality.

Climate-Smart Agriculture (CSA) is based on three core principles:
1.Sustainable Yield Increase: Increasing production for food security.
2.Adaptation and Resilience: Building resilience to climate shocks.
3.Mitigation: Reducing greenhouse gas emissions.

Examples of Resilient Technologies:

e Early Warning Systems: A weather station and artificial intelligence issue a warning
that ‘frost will begin in 4 hours.’ The fFarmer (or an automated system) protects the
crop from freezing temperatures by activating wind machines or sprinkler systems.

e Disease and Pest Monitoring: With rising temperatures, new pests and diseases
previously unseen in the region are migrating northwards. Smart camera traps
detect these new threats as soon as they appear, enabling action to be taken
before an outbreak occurs.
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Measuring Your Environmental Report Card: How Green Are You?

Sustainability is not just an intention, it is a measurable performance. Saying ‘I am
environmentally friendly’ is not enough; you need to prove it with data. Decision
Support Systems (DSS) calculate and report not only your yield but also your
environmental footprint.

The Smart Analysis Tool on the YouthIinAgriTech Platform:
The tools on this platform don't just tell you ‘When should you plant?’ they also show
you the environmental cost of your production.
1.Water Footprint Calculator: Calculates the total amount of water (green, blue,
grey water) you use to grow your product. "This season, you used 50 m3 of water
for one tonne of tomatoes. You are 15% below the regional average,
congratulations!"
2.Carbon Footprint and Scoring: Calculates the carbon emissions of your operation
based on the amount of diesel, fertiliser, and pesticides you use and your soil
cultivation method (ploughed/unploughed). It gives you a ‘Green Score’ out of 100
and makes suggestions on how to improve it (e.g. ‘Reducing nitrogen fertiliser by
10% will increase your score by 5 points’).

Carbon Harvesting: A New and Green Revenue Model

Future Farmers will not only sell wheat, corn or tomatoes; they will also sell ‘Carbon
Credits'.

Carbon Farming is the process of capturing excess carbon dioxide (CO2) from the
atmosphere and sequestering it in the soil or plant biomass by changing agricultural
methods.

How Does the Process Work?
1.Method Change: The farmer transitions to regenerative agricultural methods (e.g.,
stops ploughing the soil — No-Till, plants cover crops instead of leaving the Ffield
bare, and carries out afforestation).
2.Measurement and Verification (Technology Here): Satellites, drones, and advanced
soil sensors accurately measure and verify the increase in organic carbon in the soil.
A digital ‘carbon sequestration report’ is generated.
3.Certification and Sales: In exchange for this verified report, the farmer is awarded
‘Carbon Credits.” The farmer can sell these credits on international carbon
exchanges to large companies (airlines, tech giants, etc.) seeking to offset their
carbon footprint, generating significant additional income.
For young people, this is not just a farming method; it also opens the door to entirely
new professions such as ‘Digital Carbon Brokerage/Consultancy’, which involves

monitoring carbon markets and conducting measurement and verification. {
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EUROPE

Europe's Agricultural Vision: From Field to Table

This educational project is funded by the European Union's Erasmus+ programme.
Therefore, understanding Europe's future vision for agriculture is of vital importance,
especially For young European farmers and entrepreneurs.

The EU aims to become the world's first carbon-neutral continent by 2050 (European
Green Deal). Agriculture is central to this goal. The ‘Farm to Fork’ strategy has set the
following concrete targets for 2030:

1.Reduce chemical pesticide use by 50%.

2.Reduce fertiliser use by 20%.

3.Convert 25% of agricultural land to organic farming.

4.Reduce food loss in agriculture by 50%.

Where is the Opportunity?

Achieving these ambitious targets through traditional methods is impossible. The only
way is to use the digital and smart farming technologies described in this section. The
EU is now directing Common Agricultural Policy (CAP) funds not just towards
production, but towards ‘green and digital production’. Young farmers and AgriTech
entrepreneurs gain access to massive grants and support funds when they align their
projects with these goals.

] - e

= _ Grandfather’s Organic Furm's 4y '. . | Grandchild's
: Principles Farming 2.0 {4 Gk Technology ~
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CA

Success Story: Smart and Ecological Apple Orchard

Let's put theory into practice. Let's look at the real transformation story of an apple
producer in Poland.

Previous Situation (Problem): The producer was afraid of fungal diseases (Black Spot)
and therefore applied protective sprays every 10 days based on a calendar, totalling
15-20 times throughout the season. This was both very costly and exhausting for the
soil, creating a risk of residues in the apples.

Smart TransFormation (Application):
A ‘Smart Weather Station’ and ‘Leaf Wetness Sensors’ were installed in the orchard.
These sensors began to monitor the temperature and humidity conditions (Disease
Model) required for fungal spores to germinate 24/7.
New Situation (Result):
The system only sent a ‘Spray’ alert to the farmer's phone when the disease risk
actually arose (i.e., when temperature and humidity exceeded the critical threshold).
e Result 1: The number of spraying operations throughout the season fell from 15 to
5. Pesticide and fuel costs decreased by 65%.
e Result 2: Beneficial insect and bee populations increased as chemical pressure in
the orchard decreased. Apple yield increased by 15% due to improved pollination.
e Result 3: The producer sold their apples at a 20% higher price by marketing them
with a ‘Low Residue’ or ‘Eco-Friendly’ label.

Everyone wins: your wallet, the environment, and the consumer.
SMART AND ECOLOGICAL APPLE ORCHARD: A POLISH SUCCESS STORY

BEFORE: Traditional Calendar-Based Spraying (Problem) AFTER: Smart Sensor-Based Spraying (Solution & Result)

' Sprays: Reduced to 9 per season
| 65% Cost Reduction

Healthy Soil & “Low Residue" Apples

) seravaierr: | Higher Biodiversity (+Bees)
Risk Threshold
Exceeded

Financial &
Environmental Gain

Sprays: 15-20 per season
High Cost (Pesticides & Fuel)
Soil Exhaustion & Residue Risk
Lower Biodiversity

D l : ECONOMICWIN:  ENVIRONMENTALWIN: ~ CONSUMER WIN:
Financial & Environmental Strain +20% Price +15% Yield Healthier,
(“Eco-Friendly” Label)  (Improved Pollination) Safer Food

_X_—I
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Eco-Friendly Assistants in Your Pocket

You don't need to make a big investment to start sustainable farming. There are many
digital tools, most of which are free or open source, that young people can download
and start using on their phones right now:
1.Cool Farm Tool: An industry-standard online calculator that allows you to calculate
your farm's greenhouse gas emissions, water use and impact on biodiversity. Major
food companies request this report from their suppliers.
2.Water Footprint Calculator: Calculates how much water you use to grow a
specific product and compares it to global averages. It shows you where water is
being wasted.
3.SoilMentors / Soil Health Applications: These are guide applications that enable
you to monitor and record soil health using simple physical tests (worm count,
water seepage test, soil texture analysis) that you can perform on your own field
without expensive laboratory tests.

These tools make your environmental performance measurable and manageable.

The Hero Saving the Planet: The Farmer

Throughout this section, we have seen the role of agriculture in the climate crisis and

the power of technology to solve it.

We must understand this very clearly: the greatest power to stop the climate crisis is
not just the CEOs in the boardrooms or the politicians in the parliaments. The greatest
power is farmers, who manage 40% of the earth's surface and are in direct contact with

nature every day.

Farmers can turn the soil into a sponge that traps carbon, repair the water cycle, and

preserve biodiversity.

Young Friend,

That tablet in your hand, that drone you fly, are not merely technological toys that
increase productivity. They are weapons that will cool the world, protect water, and
feed the future.

Your mission is not just to ‘produce,’ but to ‘repair.’

Use data, protect water.

Use robots, improve the soil.

Join the YouthInAgriTech community and become not only profitable but also a leader
of a ‘Green and Restorative Future.’ The planet needs you.
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WHY THIS PROGRAMME?

The Rationale & Vision for Youth Workers

Note to the Trainer: Read this page before the workshop to boost your own motivation
and understand the strategic importance of the project. This programme is not a random
activity, but a planned intervention in the future of Europe.

1. THE PARADOX
(Problem Analysis)

#°

L e,

Ageing Agriculture Youth Unemployment
(Silver Tsunami) & Search for Meaning
(Digital Natives]

OUR INTERVENTION:
Digital Agriculture Employment

WHY THIS PROGRAMME?

(Strategic Intervention for Europe's Future)

2. METHODOLOGY 4. IMPACT
(Experiential Learning) (The Change)

Technology Role Change: Freedom to Awareness  Competence
Without Entreprenewurs Make Example: Ask Al
Intimidation Mistakes Water Foatprint ~ Read Data

3. GOAL: Perception Shift 5. THE BIG PICTURE (EU Goals)

Farmer = Labourer  Farmer = Data Analyst, European  FarmtoFork  Digital
Drone Pilot Green Deal Sirategy Europe

[ DEAR YOUTH WORKER: BUILDING THE FOOD SYSTEM OF THE FUTUR. \

Why are we implementing this programme?
The picture we face is a two-sided paradox:

e Ageing Agriculture: The average age of farmers in Europe and Turkey is over 55. As
the generation with traditional knowledge retires, there is no generation to
replace them (Silver Tsunami).

e Youth Unemployment and the Search for Meaning: On the other hand, there is a
large group of young people who are university graduates but unemployed or
dissatisfied with their careers. These young people are tech-savvy (Digital Natives)
but do not approach this sector because they perceive agriculture as a ‘dirty,
laborious and low-income’ field.

Our Intervention: This programme uses these two problems as solutions for each
other. It aims to create ‘Digital Agriculture Employment’ by combining the
technological competence of young people with the need for modernisation in

agriculture

_X_—I
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How do we address the second problem?
We do not solve the problem by ‘lecturing’. Traditional teaching methods (classroom,
blackboard, slides) have failed to attract Generation Z to agriculture. Our approach is
based on ‘Non-Formal Education’ and ‘Experiential Learning’:
e Technology Without Intimidation: We explain agriculture not with complex
biological terms, but in language that young people enjoy (drones, Al, tablets).
e Role Change: We do not treat them as ‘students’; we position them as
‘entrepreneurs, decision-makers and technology leaders’.
e Freedom to Make Mistakes: We enable them to learn by making mistakes in a safe
environment through simulations.

What is our goal?

The ultimate goal we want to achieve at the end of this workshop series is this: To
erase the perception in young people's minds that ‘Farmer = Person Who Digs with a
Hoe' and replace it with the perception that ‘Farmer = Data Analyst, Drone Pilot, Bio-
Systems Engineer’. To prove to them that farming is not a ‘livelihood’ but a ‘prestigious
career'.

The change we want to see in young people
We aim to observe the following changes in young people who complete this
programme:
e Awareness: ‘| know that a hamburger consumes 2,400 litres of water, and | can
change that.’
o Competence: ‘'l can ask the right question to artificial intelligence and read sensor
data.’
e Confidence: ‘I can return to my village and save my grandfather's field with
technology, or | can start my own start-up in this field.’

The Big Picture: Linking to European Union Goals
This work you are doing is not just a local activity; it is at the very heart of the EU's
2030 and 2050 strategies:

e European Green Deal: Reducing the carbon footprint in agriculture and ensuring

sustainability.

e Farm to Fork Strategy: Ensuring food security through digitalisation.

 Digital Europe: Increasing young people's digital skills to boost employment.
Dear Youth Worker, with this programme, you are not just running a workshop; you are
building the food system of the future.
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PREPARATION AND MINDSET (SETTINC.I1IP THE STAC.E)

Pre-Workshop: Backstage Preparation

You don't need to be an Agricultural Engineer to run this workshop. Your role is not
that of a ‘Teacher’ but a ‘Facilitator’. You manage the process; the content will be
provided by the youthinagritech.com platform.

Step 1: Physical Preparation (Materials Bag)

e For the Soil Experiment: Obtain a simple, battery-operated ‘Soil Moisture Meter’ (a
device with a needle) for 50-100 TL from any hardware store or florist. Prepare two
pots of soil.

o Pot A: Letit be completely dry.

o Pot B: Place a plate underneath and water it from below. This way, while the
surface will appear dry, the bottom will be muddy and wet. (This detail is very
important!)

o Stationery: For the ‘Agricultural Taboo’ game, write the following words on A4
paper and cut them out: Drone, Sensor, Artificial Intelligence, Tractor, Drip
Irrigation, Smartphone, Satellite. Also, prepare some tape for sticking.

Step 2: Digital Preparation

e Access the website youthinagritech.com from your own phone and confirm that
the ‘Al' and ‘Smart Analysis’ menus are functioning.

e Send the following message to the young participants before the workshop begins:
‘Make sure your phone is fully charged before coming to tomorrow's workshop—
we'll need it to save the world!

Step 3: Setting Up the Space
e Arrange the chairs in a ‘U’ shape or a full circle. Move the tables to the side. Prevent

enarnv fram haramina ckaanant

PREPARATION AND MINDSET: BACKSTAGE PREP (Pre-Workshop)

.\\ ! e Content via
youthinagritech.com

Step 1: Physical Prep (Materials Bag) ~> e Step 3: Setting Up the Space
Your Role:
Facilitator, Not Teacher. ﬁ
Manage the Process. “\ 6 S /
Step 2: Digital Prep =
(t[j‘ It)
let:e SIIm;u 1|rlour | m :
Eharr;ids befgre [ | m '.Ei 11
;:oming to_ L
OMOrrow's
workshop—we'll —:/ x
?!’?:?vgrig!save Free Energy Flow
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MODULE 1 - WARM-UP AND AWARENESS

Breaking the Ice and Facing Reality

Activity 1: The Farming Taboo (Application Steps)

1.Preparation: As the young people enter the room or while they are standing, tape
the word cards you have prepared (Drone, Sensor, etc.) to their backs without
showing them to anyone.

2.Give the instructions: ‘Friends, right now you have a technology or concept related
to agriculture written on your back. Walk around the room and ask your friends
Yes/No questions to try to figure out who you are. For example: “Do | fly?, Do | run
on electricity?

3.Game: They have 10 minutes to ask questions. Those who figure out their identity
should step aside.

4.Connect: Once everyone has found their identity, gather them in a circle and ask:
‘Who had “Artificial Intelligence” written on their back? What do you think a
computer code has to do with tomatoes?’ (Get a few answers and move on).

Activity 2: Water Footprint Detectives (Steps)

1.Scenario: ‘Take out your phones. The year is 2050. Water has run out. The
government is giving out only 1 bottle of water per person per day. Will you take a
shower or cook a meal?”

2.Task: ‘Go to youthinagritech.com or Google right now and search for
footprint of a hamburger”. Say the number you find out loud.’

3.Shock Effect: When the young people shout ‘2400 litres!, stop.

4.Trainer's Message: "Yes, you heard right. A hamburger is your two months' worth
of shower water. Agriculture uses 70% of the world's water. If we don't halve that
with technology, we won't be able to eat that hamburger in 2050. Today, we'll

1

‘water

Breaking the Ice and Facing Reality

Activity 1: The Farming Taboo Activity 2: Water Footprint Detectives
_ Scenario & Task
Dol run on ;

Amiamachine?) water footprint of a hamburger  [JE))

electricity? (Yes/No)
&+=/2400

' i) ITRES!
. -. Go to youthinagritech.com
b 1 or Googeh waéer rcotnrfnt ofa
: Say the number nut loud!

Yes! A hamburger is
your TWO MONTHS?*
worth of shower water.
If we don't halve that
with TECHNOLOGY,
we won't eat that
hamburger in 2050.

Today, we'll learn how
to SOLVE THIS.

Who had ‘Ar'?
What does code have to
do with tomatoes?

youth in
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MODINE? -TECHNOI OGY F PEFERIENCE

Human vs. Machine: Sensor Experiment
This section is to prove to young people why technology is necessary.

Activity 1: Eye vs. Sensor (Step by Step)

1.Scene: Place the two pots you prepared (A and B) in the middle.

2.Question: ‘Friends, imagine you are farmers. Which of these two fields (pots) is dry?
Look with your eyes, touch with your fingers.” (Since the surface of Pot B is dry,
most people will say ‘Both are dry’).

3.Proof: ‘Traditional farmers look and water this way too. Now let's ask technology.’
Insert the moisture meter deeply into Pot B. The needle will show “"WET".

4.Punchline: "See? Our eyes said “dry”, the sensor said “wet”. If we had trusted our
eyes, we would have watered the already wet soil again, wasting water and rotting
the plant. Smart Farming is seeing the truth deep within the soil.’

Activity 2: Al Chatbot Challenge

1.Instruction: 'Now everyone, go to the “Al” menu on the platform on your phone.
Open the artificial intelligence assistant.’

2.Task: 'Challenge it! Don't ask simple questions like “What is agriculture?” Instead,
ask detective-like questions such as: “I'm growing lettuce in a greenhouse in
Antalya, and the leaf tips are burning. What could be the cause?""

3.Sharing: After 5 minutes, applaud the most interesting answer. ‘Look, the
information is now in your pocket. It used to take 3 days to call an agricultural
engineer, now it takes 3 seconds.’

TECHNOLOGY EXPERIENCE: HUMAN vs. MACHINE & ARTIFICIAL INTELLIGENCE

P ——

Activity 1: Eye vs. Sensor Activity 2: Al Assistant

Al Agsistan|

Lettuce tip I
burn?

Possible:
Calcium

deficiency W&
/ Salinity.

Simart Farmilia: The Trith Dees Dow 1. ASK 2. INSTANT 3. KNOWLEDGE
Smart Farming: The Truth Deep Down || [| quesTion ANSWER IN POCKETY
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MODULE 3 -DECISION-MAKING SIMULATION

Crisis Management in the Farmer's Seat

This is a role-playing game played on paper. Young people face the consequences of
their decisions.

Scenario: ‘You all own a 50-acre hazelnut orchard in Sakarya. Harvest is in one month.
You receive a warning on your phone: “90% chance of rain tomorrow.”

Application Steps:
1.Grouping: Divide the young people into three groups:

o Group 1 (Traditional): You have no technology or insurance.

o Group 2 (Technological): You have an expensive ‘Automatic Rain Cover’ system
in your orchard (purchased on credit).

o Group 3 (Financial): You have no technology but you have ‘TARSIM Insurance’.

2.Discussion (5 Minutes): ‘Tomorrow it will hail. What can you do based on your
group's characteristics? Determine your strategy.’
3.Conclusion (Trainer Explains):

o Return to Group 1: ‘Unfortunately, there was nothing you could do. You prayed,
but the hail hit the crop. You went bankrupt this year.’

o Return to Group 2: ‘'You closed the nets with a single button. Your crop was
100% saved. You'll sell high-quality nuts, but you'll have to pay off your bank
loan.’

o Return to Group 3: ‘Your crop is ruined; there are no nuts. But the insurance
company covered your losses. You have money in your pocket, but nothing to
sell.

4.Lesson: ‘As you can see, Smart Farming is not just technology, it is also “Risk
Management”. You need to know when to use technology and when to use

NSt MODULE 3 - DECISION-MAKING SIMULATION:
Crisis Management in the Farmer's Seat
HAIL WARNING!
GROUP 1: TRADITIONAL H & 201 chnceof oo GROUP 3: FINANCIAL
(No Tech, No Insurance) Hm Eed (Insurance, No Tech)

GROUP 2: TECHHDLOGIGAL
(High Tech, Credit Debt)

youth in

9r



7 P ) @ Co-funded by the
@@@ @ @ i @ w ErasmUS+ - European Solidarity Corps
e iy id Enriching lives, opening minds, of the European Union

Fundacja Rozwaoju Systemu Edukacji

MODIIFEFA-CARFFR AND HACKATHON

Entrepreneurs Who Produce Solutions to Problems

In this section, we put young people into “idea-generating” mode rather than “job-
seeking” mode.

Activity: 30-Minute Idea Marathon

1.Problem Cards: Write these 3 problems on the board:
o Problem A: No workers can be found, the fruit is rotting on the trees.
o Problem B: Fertiliser is too expensive, farmers are losing money.
o Problem C: Young people don't want to stay in the village; the village seems
boring.
2.Teamwork: Groups should choose a problem. Give them this Fformula:
TECHNOLOGY + NEW IDEA = SOLUTION.
3.Guidance:
o Example Tip: ‘For Problem A, you could consider a “Robotic Hand" or a “Labour-
Uber App”.’
o Example Tip: ‘For Problem B, you could consider a “Drone that only applies
fertiliser where needed”.’
4.Pitching: Each group stands up and explains their idea in 1 minute: ‘Our project is
called X. We solve this problem by doing this.’
5.Closing Message: ‘These ideas could be the “Unicorn” companies of the future.
Entrepreneurship in agriculture is not about selling tomatoes, it's about selling the
technology that produces tomatoes.’

MODULE 4 - CAREER AND HACKATHON: Entrepreneurs Who Produce Solutions

Activity: 30-Minute Idea Marathon Example Tip (A): Example Tip (B):
= Robotic Hand or Drone for
G T T Labour-Uber App Precision
et ' PROBLEM CARDS | A Fertiliser
:l‘mblar:lA | Problem B: ] Problem C: i ooo
: o workers, | i Youth leaving, -
fitronng || Goehev® 1 poringvilages ||| | TECHNOLOGY + NEW IDEA = SOLUTION
| financial loss || | 0 fotie g
ur project is X.
We solve this by
doing this.

Closing Message: Entrepreneurship in agriculture is selling the TECHNOLOGY
that produces tomatoes, not just the tomatoes. Future Unicorns!

youth in
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EVALUATION

Closing Circle and Follow-up

Don't end the workshop with a dry ‘it's over, you can leave." Create an emotional
connection.
Reflection (5-Finger Method): Everyone raise your hand. Talk through the fingers in
order:

e Thumb: What did you like most today? (E.g., The sensor experiment was great).

e Index Finger: Who will you show what you learned here? (E.g., I'll tell my

grandfather about smart irrigation).

o Little Finger: What did you find lacking? (E.g., | wish we had flown a drone).
Final Words: ‘Friends, agriculture is no longer about muddy boots; it's about tablets
and coding. The CEOs of the future won't come from office towers but from smart
greenhouses. Why shouldn't that person be you?’

Create an emotional connection. Not just “it's over”.

Y =

REF LECT'ON_.

\NGER METy o 5 INDEX FINGER:
A Who will you show
THUMB: this to?
What did you {e.g., I'll tell my grandfather
like most? about smart irrigation)

LITTLE FINGER:
What did you find
lacking?

.
Y

(e.g., The sensor
experiment was great)

(e.g., | wish we had
flown a drone)

=\ v
FINAL WORD:

Friends, farming is no longer about
muddy boots; it's about tablets and
| coding. The CEOs of the future won't
come from office towers; they'll come
from smart greenhouses.

Why shouldn't that | | (24
person be YOU? (4

B

() FOLLOW-UP & COMMUNITY

@ ﬁﬂ @ youthinagritech.com ) &@?&

Stay connected. Join the platform. The journey continues.

N7 | 99
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Let This Page Be the First Page of Your
Career!

Dear Youth,

When you First opened the cover of this guide, perhaps all you had in mind when you
thought of agriculture was people toiling under the sun, muddy boots, and a difficult
life struggle. However, as you turned the pages, you encountered a completely
different reality.

You saw that today's fields are not just patches of land where seeds are sown; they are
vast technology laboratorieswhere data is processed, robots roam, satellites monitor,
and artificial intelligence makes decisions.

The drones, sensors, and lines of code we told you about are not science Fiction
scenarios from a distant future. They are concrete tools currently being used by young
people your age all over the world to ensure food security and protect the planet.

We now know that: Being a farmer does not just mean tilling the soil. Today's farmer is
someone who understands nature as well as a biologist, thinks as analytically as a data
scientist, and is as bold as a start-up founder.

The world is changing. The climate crisis is upon us, and our resources are dwindling.
The planet needs not those who blindly repeat their grandfather's methods, but ‘Agri-
Preneurs’ (Agricultural Entrepreneurs) who blend that experience with technology and
transform it.

That person is you.

As you close this guide, don't just close a file. Open the door to your own potential.
Recognise the technological power you hold.

You could become a drone pilot, a smart greenhouse manager, or you could open up to
the world with your own agricultural technology venture. Whichever path you choose,
remember: The best technology is human conscience, and the most productive seed is
your dreams.

The soil is not waiting for a new shadow to fall upon it; it is waiting for a new mind to

9 The stage is'yours. The fields are
waiting for.you.
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LEGAL NOTICE

@ Funded by the European Union
‘Funded by the European Union. However, the views and opinions expressed
herein are solely those of the author(s) and do not necessarily reflect the
official views of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be
held responsible for these views.'
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